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Prediction of V entilatory Threshold Using Low-intensity Exercise Tests
Director: Steven E. Gaskill, Ph.D.
ABSTRACT: PURPOSE: The purpose of this project was to develop submaximal 
exercise protocols to estimate the utilization of oxygen and heart rate (HR) at the 
ventilatory threshold (V0 2 Vt and HRvt) in a healthy, college aged population (Group A) 
and in an apparently healthy population with two or more risk factors for coronary artery 
disease (Group B). METHODS: Subjects o f Group A (33 males and 22 females) and 
Group B (15 males and 11 females) performed: I) a graded exercise test on a treadmill 
(modified Balke protocol) to determine VT (using a combination of V-Slope, ventilatory 
equivalencies, and excess CO2 methods), 2) a submaximal cycle ergometry test, 3) a 
submaximal step test, and 4) a submaximal treadmill walking test. HR and ratings of 
perceived exertion (RPE) were monitored. Recovery HR data were collected post­
exercise. Stepwise multiple regression was used to develop V0 2 vt prediction equations. 
The linear relationship between HR and VO2 was used to estimate HRvt. RESULTS: 
Significant relationships were found between V0 2 vt and the dependant variables for 15 
out of 18 mode/gender/group equation combinations with the highest relationships found 
in group B step test (R^=0.87 for males and R^=0.87 for females). Eight out o f 10 
mode/gender/group equation combinations were found to be significantly significant for 
HRvt and the dependant variables. CONCLUSIONS: These data show that in a
healthy, college aged population and in an apparently healthy population with two or 
more risk factors for coronary artery disease it is possible to predict V0 2 Vt and HRvt 
using submaximal testing and commonly available equipment. This may become a 
valuable tool in evaluation of chronic activity levels and to help evaluate relative risk for 
coronary vascular disease and type II diabetes mellitus due to physical inactivity.
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table of Contents
C hapter One: Introduction 1
Introduction 1
Problem Statement 2
Purpose 2
Hypothesis 3
Limitations 3
Delimitations 3
Definition of Terms 4
C hapter Two: Review of L iterature 6
C hapter Three: Methodology 15
Research Setting and Subjects 15
Variables 16
HR measures 18
Cycle Ergometry Protocols 18
Bench Stepping Protocols 19
Treadmill Walking Protocols 2 0
Laboratory Ventilatory Threshold Test 2 0
Ventilatory Threshold Determination 21
Equation 1 2 2
Equation 2 2 2
Equation 3 23
Cross-Validation 23
Data Correction 24
Statistics 24
C hapter Four: Results 25
Table 1: Descriptive Characteristics 26
Table 2: Descriptive Characteristics at VT 
Prediction of VOzvt in G roup A
27
Equation 4: 28
Equation 5: 28
Equation 6 : 29
Equation 7: 29
Equation 8 : 30
Equation 9: 30
Equation 10: 31
Equation 11: 31
Equation 12:
Prediction of VOzvt in G roup B
31
Equation 13: 32
Equation 14: 33
Equation 15: 33
111
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table of Contents, cont
C hap ter Four: Results, cont.
Equation 16: 33
Equation 17: 3 4
Equation 18: 35
Equation 19: 3 5
Equation 20: 36
Equation 21: 36
Prediction of HRvt, Bland/Altman Plots in G roup A
Figure 1: 3 7
Figure 2: 3 8
Figures: 3 8
Prediction of HRvt, Bland/Altman Plots in G roup B
Figure 4: 3 9
Figure 5: 40
Figure 6 : 4 0
Figure 7: 41
Figure 8 : 41
Figure 9: 4 2
Figure 10: 4 2
Validation of VOivt, Bland/Altman Plots
Figure 11: 4 3
Figure 12: 4 4
Figure 13: 4 4
C hapter Five: M anuscript 4 5
Appendix I: G roup A Attachments 67
Data Sheets, Informed Consent
Appendix II: G roup B Attachm ents 7 3
Data Sheets, Informed Consent
Appendix III: Data 80
Raw Data 81
S.A.S. Results 107
References 125
IV
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter One; 
Introduction 
Introduction:
VO2 max has long been accepted as the criterion measure for aerobic fitness. However, 
submaximal measures of fitness, such as VO2 at the Ventilatory Threshold (VT) are often 
more appropriate. This is true when evaluating the ability to sustain work, predict results 
in competitive aerobic events, determine the ability o f an individual to perform activities 
of daily living, or to evaluate adequate fitness to maintain health. VT is highly correlated 
with the first lactate breakpoint, lactate threshold, or anaerobic threshold (Koike, Wiler- 
Ravell, McKenzie, Zanconato, & Wasserman, 1990; Wasserman, Whip, Koyal, & 
Beaver, 1973). Data from the HERITAGE Family Study suggests that VT is more 
related to self-reported levels of activity, intensity of prescribed physical work, maximal 
sustainable work, and levels of activity during daily living than is VO2 max (Gaskill, 
2001). Endurance performance events also have a higher correlation with VT than with 
VO2 max (Kumagai, Tanaka, Matsuura, Matsuzaka, Hirakoba, & Asano, 1982; Tanaka, 
& Matsuura, 1984). Not only is VT important in performance measures, but VT is also 
important in terms of general health. As VO2 at VT increases, systolic blood pressure 
and LDL cholesterol decrease and HDL cholesterol increase with the major changes seen 
around critical health values for VO2 at VT of about 19-24 ml • kg'* -min''(personal 
correspondance with Gaskill). Data from the HERITAGE Family Study and a report 
from Tamai et al. (1993) suggest that VT provides an accurate measure of chronic
1
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aerobic activity levels thus giving clinicians the ability to accurately assess intensity 
levels o f physical activity of an individual over the past several months.
Statement of the Problem:
Testing for VT, as well as for VO2 max, is limited by the cost and availability o f 
equipment and trained personnel. Sub-maximal fitness tests have been used for many 
years to predict VO2 max (Astrand, & Ryhming, 1954; Fox, 1973; Heyward, 1998). 
Testing for VT or LT currently requires using either metabolic measurements or the 
collection of blood lactate during a graded exercise test. The development of a simple 
and accurate submaximal test to predict VT would greatly increase the application of our 
current knowledge in the realm of VT. VT could then eventually be used as an objective 
marker to evaluate sustainable aerobic fitness and to evalutate if  an individual’s activity 
levels are high enough to be at reduced risk for CHD, diabetes mellitus and hypertension 
rather than basing evaluations of physical activity on self-reported surveys.
Purpose:
The purpose of this research was to develop prediction equations for VO2 at VT (V0 2 vt) 
and HR at VT (HRvt) using descriptive and submaximal exercise data from cycle 
ergometry, stepping, and treadmill walking in a college aged population (Group A) and in 
an adult population with two or more risk factors (Group B) for coronary artery disease.
2
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Research Hypothesis:
It will be possible to be accurately predict VOivt and HRvt using descriptive and 
submaximal exercise data for cycle ergometry, stepping, and treadmill walking in a 
college aged population (Group A) and an adult population with two or more risk factors 
(Group B) for coronary artery disease.
Limitations:
Due to the lack of complete understanding of the exact mechanisms and causes o f VT, 
only a small portion of the total number of probable variables can be studied.
The use of gas exchange indicies to determining ventilatory threshold is an indirect 
method. The use o f indirect methods, increases measurement error, however, the 
determination of VT is non-invasive and easily performed with the right equipment and 
trained personnel.
There is an inherent error with the use of any instrumentation. To limit this error all 
equipment was carefully calibrated and the testers were adequately trained.
Delimitations:
The subjects of this study delimited to one of two groups. (A) A healthy college aged 
population or (B) an adult population with two or more risk factors for coronary heart
3
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disease. Additional groups or a more heterogeneous population would improve the 
generalization of these tests.
There are many different modes of exercise used by individuals. This research used three 
common modes for exercise testing; cycle ergometry, bench stepping, and treadmill 
walking.
Definition of Terms:
Group A. A subject population consisting of 33 college aged males and 22 college aged 
females.
Group B. A  subject population consisting of 15 males and 11 females, all of who were at 
increased risk for coronary artery disease as they had two or more risk factors for 
coronary heart disease. Risk factors included; age (>45 for males, >55 for females), 
family history of coronary artery disease, cigarette smoking, hypertension, 
hypercholesterolemia, and/or sedentary lifestyle.
Anaerobic Threshold (AT. That intensity o f exercise where the appearance of blood 
lactate exceeds the removal of blood lactate causing an increase in blood lactate (LT) and 
the subsequent increase in CO2 production along with a nonlinear increase in expired 
gases (VT). The anaerobic threshold has been measured and defined in many ways 
including the use of blood lactate (first rise in lactate, individual anaerobic threshold of 
1.5mm of lactate above baseline, 4mm blood lactate, etc), and by expired gases (v-slope,
4
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excess CO2, ventilatory equivalents, Ve, RER, PetOi, etc). For this manuscript anaerobic 
threshold is defined by the methods described below for ventilatory threshold.
Excess CO7. (VC0 2 ^/V0 2 ) -  VCO2
Lactate Threshold (LT). That intensity o f exercise where the rate o f appearance o f blood 
lactate exceeds the rate of blood lactate removal; resulting in increased plasma lactate 
concentrations above the baseline low intensity level. In this paper LT refers to the first 
breakpoint in lactate above baseline. This is a direct measurement considered to be the 
“gold standard” measurement of the anaerobic threshold.
Ventilatory Threshold (VT). An indirect measurement o f the lactate threshold that is 
based on nonlinear increases in metabolic gases. For this study VT was evaluated using a 
combination of the v-slope, excess CO2, and the ventilatory equivalents methods. VT in 
this manuscript is defined as the first sustained rise in Ve/VOz without a rise in Ve/VC0 2  
concurrent with the first rise in excess CO2 and the first break above a slope of 1 .0  in the 
v-slope method.
VO7 max. The maximal amount o f oxygen an individual can consume during a graded 
exercise test.
5
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Chapter Two:
Review of Literature
Predictions o f  Ventilatory Threshold:
To this authors knowledge there has been no research done to predict VOiVt or 
HRvt using submaximal exercise protocol. Davis, Storer, and Caiozzo (1997) developed 
and cross-validated prediction equations for VT using resting and descriptive data in a 
healthy, sedentary, non-smoking sample of 204 adults. Davis et al. came up with eight 
gender specific and four generalized equations using the variables of: age, sex, height, 
body mass, and fat free mass. These equations showed multiple correlations with VOzvt 
fromR=0.557-0.863.
Posner, Gorman, Klein, and Cline (1987) looked at 127 healthy elderly subjects 
(mean age: 6 8 ) and 44 middle aged subjects (mean age: 39). The variables o f age, sex, 
height, and weight were entered into a stepwise multiple regression formula which 
yielded a multiple correlation of R=0.849.
Volkov, Shirkovets, and Borilkevich (1975) were able to predict the running 
velocity at the point where excess CO2 shows a rapid exponential increase, corresponding 
with VT, in four trained runners. This equation requires known excess CO2 at a running 
speed below VT.
Rating o f  Perceived exertion at the Ventilatory threshold:
Hill, Cureton, Grisham and Collins (1987) looked at the effect of training on the 
rating o f perceived exertion (RPE) at VT. College aged subjects were divided into
6
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training (n=17) or control (n=10). After six weeks of training there was no difference 
between the two groups in RPE at VT. This demonstrates that training does not affect the 
RPE at VT, despite VT occurring at a higher workload post-training.
Feriche, Chicharro, Vaquero, Perez, and Lucia (1998) investigated using a fixed 
RPE of 12-13 to determine the workload corresponding to VT. No difference was found 
between the workload corresponding to VT and the workload corresponding to a RPE of 
12-13.
Ventilatory threshold as a predictor o f  performance:
There has been several studies that have compared the predictive ability of 
performance with measures such as VO2 max, VT, and basic descriptive variables. These 
studies all point at some measure of the anaerobic threshold as the best predictor of 
performance. The correlation of 48 middle-aged men (mean age; 57.6 yrs) and their 
distance running performance and lactate threshold was r=0.781-0.889 over different 
distances from 5km to marathon (Tanaka, Takeshima, Kato, Niihata, & Ueda, 1990).
Tanaka et al. (1984) looked at the correlation o f anaerobic threshold and distance 
running performance over 10,000 meters in 21 male endurance runners. Even after a nine 
month training period the correlation between distance running performance and 
anaerobic threshold was maintained (r>0.75). In another manuscript Tanaka and 
Matsuura (1984) demonstrated that the running velocity at the anaerobic threshold was 
more closely related to marathon performance (r=0.781) than was the running velocity at 
the onset o f blood lactate (4mM) accumulation (r=0.682).
7
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Kumagai et al. (1982) looked at anaerobic threshold (measured by gas exchange 
and blood lactate methods) and VO2 max in 17 young men (16-18 years) during 5 km, 10 
km, and 10 mile races. The VO2 at the anaerobic threshold showed correlations with 
time over these distances of r=-0.945, r=-0.839, and r=-.835, whereas the correlations 
with VO2 max were r=-0.645i r=-0.674, and r=-0.574 respectively.
Farrell, Wilmore, Coyle, Billing, & Costill (1979) had similar results as Kumagai 
et al., in 18 male distance runners. Running performance and VO2 max had a high 
correlation (r>0.83), but not as high as the VO2 corresponding to the onset o f plasma 
lactate (r>0.91).
In 1973, Costill, Thomason, & Roberts found that 16 trained distance runners 
showed a correlation between VO2 max and 10 mile running time of r=-0.91. Costill et 
al. also noticed that the faster runners accumulated less blood lactate than the slower 
runners at similar speeds, thus suggesting that distance running is dependant on the 
ability to use a large fraction of VO2 max with minimal lactate accumulation.
Performance may also relate to the performance of daily life and activities. 43 
people served as subjects for Tamai et al. (1993) to look at the correlation of daily life 
activity and VT. An example of some of the many strong correlations with VT that 
Tamai et al. found include: physical active life (r=0.799), commuting time (r=0.734), 
cummulative exercise hours in a month (r=0.708), and work hours in a month (r=0.671).
There has been little work regarding the norms of ventilatory threshold. 
Wasserman, Whipp, Koyal, & Beaver (1973) showed that the normal values in 85 
subjects between 17 and 91 years was between 45 and 180 watts on a cycle ergometer. In 
the HERITAGE family study, Gaskill et al. (2001), found VT to average 17.6 ±4.1
8
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ml/kg/min in sedentary individuals between the ages o f 17 -  65. The meta analysis by 
Londeree (1997) showed a wide range ofVOzvt depending on fitness levels.
Training and Ventilatory Threshold:
16 elderly (mean age: 63 years) subjects participated in a study by Fabre, Masse- 
Biron, Ahmaidi, Adam, & Prefaut (1997) comparing the effectiveness of training at the 
ventilatory threshold and training at 50% of heart rate reserve for three months. The 
group training at VT improved by 20% whereas the group training at 50% of heart rate 
reserve did not significantly improve.
A meta-analysis of 34 studies by Londeree (1997) concluded that training 
intensity near the VT is an adequate stimulus to improve VT in sedentary subjects, but a 
higher intensity may be needed for conditioned subjects.
33 College aged women participated in a 5 day per week, 12 week training 
program for a study by Henritze, Weltman, Schurrer, & Barlow (1985). The subjects 
were assigned to one of three groups; above lactate threshold, at lactate threshold, and 
control. Duration o f exercise was controlled so that each subject expended the same 
amount of energy (1467 kJ per session). The above lactate threshold group improved 
VO2 at lactate threshold by 48%. The other groups showed no improvement in VÛ2Vt.
The affects o f training on previously sedentary middle-aged men was studied by 
Davis, Frank, Whipp, & Wasserman (1979). The 45 min per day, four days per week, 
nine week intervention showed that anerobic threshold increased by 44% when expressed
9
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as absolute VO2, and by 15% when expressed relative to VO2 max. Over the study 
period VO2 max increased by 25%.
Gaskill et al. (2001), in the HERITAGE family study of 432 sedentary adults who 
trained three times per week for 20 weeks with an intensity ending at 75% of baseline 
VO2 max for 50 minutes. In this population VO%vt increased by 31% and VO2 max by 
only 16%.
156 patients with stable coronary heart disease were assigned randomly to an 
exercise group (60% VO2 peak, 30-45 minutes, three days per week, 1 year) or to a 
control group. After 1 year there was statistically significant differences between groups. 
The training group had higher peak oxygen uptake, higher total treadmill time, and 
decreased supine rest and submaximal heart rates. There was no significant difference in 
VT, however the training group decreased VT by 2% while the controls decreased by 
10% (Sullivan, Ahnve, Froelicher, & Meyers, 1985).
Methods o f Determining Ventilatory Threshold:
There has been many methods purposed for the determination of ventilatory 
threshold, yet it is the buffering of lactic acid and the subsequent increase in CO2 that is 
the underlying element in each method. These methods include; excess CO2, ventilatory 
equivalents, v-slope, Ve, RER, CUSUM, Pet0 2 , computerized methods, etc.
There have been many attempts to use a computerized program using metabolic 
measurements to determine VT. These methods use mathematical analysis of data to 
determine the breakpoints o f a nonlinear increase in gas exchange indicies (Beaver,
10
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Wassermann, & Whipp, 1986; Orr, Green, Hughson, & Bennett, 1982). Data from are 
lab have shown these methods to be unreliable.
Shimizu et al. (1991) studied the agreement between the VT pick when the 
method for detection (ventilatory equivalents, end tidal oxygen and carbon dioxide 
pressures, and v-slope) was changed, when the potocol (Bruce, Balke, or ramp on the 
treadmill or 50W/stage, 25W/stage, or ramp on the cycle ergomenter) was changed, and 
when different reviewers picked VT. The greatest differences in 0% uptake at the VT 
was: protcol 36%, method 12%, and observer 7%.
The rate of successful threshold determinations, the reproducibility o f VT 
determinations, and interobserver variability was examined by Meyer et al. (1995). This 
research looked at 69 normal subjects, 27 subjects with myocardial ischaemia, and 33 
subjects with chronic heart failure (CHF) during cycle ergometry tests (ramp and 
incremental). Successful threshold determinations were more frequently determinined in 
healthy normal, and ischemic subjects than in subjects with CHF. Lactate threshold 
provided the greatest frequency of determination, followed by the v-slope method, when 
evaluating healthy subjects. The v-slope method had the highest rate of success for 
ischeamic subjects. When all four methods (v-slope, R, EqOi, and PetOz) were 
simultaneously used, VT was detectable 100% of the time, except in CHF patients. This 
suggest that a combination of methods may be needed. The calculated error of 
reproducibility in the VT methods was between 3.9% and 4.8% compared to the error of 
reproducibility in lactate thresholds of 6.2%. Interobserver variability was also found to 
be low (between 0.3% and 5%).
11
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The validity and reliability of combining methods to determine VT was examined 
by Gaskill et al. (in press). This research used three methods to determine VT: (1) 
Ventilatory equivalencies, (2) excess CO2 production, and (3) modified v-slope. The 
combination of these methods was compared to the standard lactate threshold (LT) in 185 
subjects. VT (using the combination of the three methods) and LT were found to 
significantly correlate (r=0.95-0.98) and not to significantly differ.
39 college aged males were studied by Davis, Vokak, Wilmore, Vokak, & Kurtz 
(1976) to compare anaerobic threshold with VT. VT was determined by the nonlinear 
increase in Vg and VCO2, and abrupt increases in Fgoz- Nine of these subjects had 
venous lactate monitored to determine lactate threshold which was compared to 
ventilatory threshold yielding a high correlation (r=0.95).
Caiozzo, Davis, Ellis, Azus, Vandagriff, Prietto, and McMaster (1982) studied the 
anaerobic threshold in 16 subjects using the criterion measure of blood lactate threshold. 
Lactate threshold was then compared to four different methods of ventilatory threshold 
determination. The four methods correlated as follows: (1) r=0.93 between the time at 
which Ve/V0 2  exhibited a systematic increase without a concomitant increase in 
VE/VCO2 and LT; (2) r=0.S8 between time at which Ve began to increase nonlinearly and 
LT; (3) r=0.83 between the time which VCO2 began to increase nonlinearly and LT; (4) 
r=0.39 between the time that the respiratory exchange ratio demonstrated an abrupt 
systematic increase and LT. The three significant methods also yielded test-retest 
correlations between r=0.93 and r=0.78.
12
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Previous Exercise:
16 male subjects were tested for VT under three conditions on a cycle ergometer: 
(1) test, (2) retest, and (3) test with previous exercise. The results o f this study showed 
that the test with previous exercise showed approximately a 2 0 % increase in VOiVt as 
determined by gas exchange. The test-retest showed a high correlation (r=0.89). The test 
with previous exercise and retest groups were randomized in order. The authors 
concluded that the increased VT with previous exercise was due to a faster sub-threshold 
VO2 response (Black, Ribeiro, & Bochese, 1984).
Common Predictions fo r  VO2 max:
. Exercise physiologists rely on different prediction tests in order to determine VO2 
max. There are many different tests using stepping, walking, and cycling as modes of 
exercise. These tests have stood the test of time. The following section examines the 
accuracy of these tests.
16 college aged men participated in six submaximal exercise tests to estimate VO2 
max. These results were then compared to VO2 max as determined by the analysis of 
expired gasses during a graded exercise test to maximal effort. The comparisons yielded 
the following correlations when corrected for by weight: (1) Sjostrand test (cycle 
ergometry) r=0.877, (2) Modified Sjostrand test (bench stepping) r=0.203, (3) Harvard 
step test r=0.766, (4) Progressive pulse ratio test (bench stepping) r=0.711, (5) Delta 
respiratory quotient r=0.328, and (6 ) Astrand-Rhyming nomogram (cycle ergometry) 
r=0.522. When not corrected for weight the correlations were: r=0.368, r=0.281, 
r=0.008, r=0.238, r=0.499, and r=0.736 respectively (DeVries & Klafs, 1965).
13
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Edward Fox (1973) developed a technique to predict VO2 max in 87 healthy, 
untrained college males. This protocol related heart rate during the fifth minute of cycle 
exercise at 150 Watts to actual measured VO2 max. The equation showed a correlation 
coefficient of r=0.76.
14
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Chapter Three;
Methodology
Setting:
All testing took place in the Human Performance Laboratory, McGill Hall #121, The 
University of Montana.
Subjects:
Two groups of subjects were used for this study. A) Healthy college-aged group; Thirty- 
three apparently healthy males (26.1+7.1 yrs, 81.2+11.1 kg) and twenty-two apparently 
healthy females (22.05+2.7 yrs, 62.8+8.5 kg) were recruited by word of mouth from the 
campus of the University o f Montana. B) Middle aged, apparently healthy but with risk 
factors for coronary artery disease: Fifteen males (53.1+4.6 yrs, 86.8+17.4 kg) and 
eleven females (46.7+5.4 yrs, 73.1+14.1 kg) were recruited by word of mouth from the 
campus of the University o f Montana and the neighboring community.
Each subject completed a PARQ screening along with the appropriate IRB approved 
informed consent document. Each subject was then weighed and measured for height. 
Additionally, group B  completed a risk factor assessment form. The subjects in group B 
each had two or more risk factors for coronary artery disease.
15
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Variables:
Descriptive variables at VT :
- VO? at VT
■ HR at VT
- RER at VT
■ RPE at VT
Prediction of VO2 at VT Dependant Variable:
■ VO2 at VT was selected as the dependant variable in the S.A.S. statistical 
software. Mean and standard deviation values were calculated in L/min (V0 2 Vt), 
and ml/kg/min (V0 2 vt_kg).
Prediction of VO2 at VT Independent Variables: These variables were analyzed in the 
development o f an equation to predict the dependant variable. Mean and standard 
deviation values were also calculated for each independent variable.
HR rest = resting HR 
HR Ex = exercise HR 
HR30 = 30 second recovery HR 
HR60 = 60 second recovery HR 
HR90 = 90 second recovery HR 
HR120 = 120 second recovery HR 
HR d30 = 30 second HR difference (HR_Ex -  HR30)
HR d60 = 60 second HR difference (HR_Ex -  HR60)
HR d90 = 90 second HR difference (HR_Ex -  HR90)
HR dl20 = 120 second HR difference (HR Ex -  HR 120)
16
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" HR p30 = percent recovery in 30 seconds ((HR_Ex -  HR30) / (HR Ex -  
HR_rest))
“ HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) / (HR_Ex -  
HR_rest))
■ HR p90 = percent recovery in 90 seconds ((HR_Ex -  HR90) / (HR_Ex -  
HR_rest))
■ HR p i20 = percent recovery in 120 seconds ((HR Ex -  HR 120) / (HR Ex -  
HR_rest))
■ Age = in years
■ Height = in cm
■ Weight = in Kg
■ BMI = Body Mass Index (Weight in kg / height in meters^)
■ Gender -  l=male 2=female
■ RPE = Rating of perceived exertion at VT (Borg’s 6-20 scale)
Prediction of H R at VT dependant variables;
■ HR at V I
Prediction of H R  at VT independent variables: These variables were used in the 
mathematical calculation of HR at VT.
■ Predicted VO2 at VT
■ HR_rest
■ Resting VO2 (estimated)
■ HR_Ex
■ VO2 during exercise -  estimated by ACSM equations
17
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• HR_Ex for workload 2 -  only in group B
■ VO2 during workload 2 -  only in group B
■ Slope -  of HR-VO2 relationship
■ Y Intercept -  of HR-V0% relationship
Heart Rate Measures:
Group A: Resting heart rates (HR’s) were measured using Polar HR monitors (Polar, 
Port Washington, NY) while subjects sat quietly for 5 minutes. Subsequent exercise 
HR’s were monitored using this same equipment. Subjects sat quietly for 10 minutes 
between each exercise mode to allow HR’s to return to within 10 bpm o f their resting 
HR.
Group B: Resting HR’s and limb lead ECG’s were monitored using a Quinton 4000 
ECG machine (Seattle, WA) while subjects sat quietly for 5 minutes. Subsequent HR’s 
and ECG’s were monitored using this same equipment. Subjects sat quietly for 10 
minutes between each exercise mode to allow HR’s to return to within 10 bpm of resting.
Cycle Ergometry:
Group A: A Monark 824E cycle ergometer (Varberg, Sweeden) was used for this testing. 
Each subject performed a 3 minute warm up at SOrpm with 1 kg of resistance (50 watts). 
For testing the subject continued at SOrpm, but resistance was increased to 2 kg (100 
watts). HR and Borg’s 6-20 scale for rating of perceived exertion, RPE, (Borg, 1982) 
was recorded at minute 5;00 and HR was again recorded at minute 5:50. At this point the
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subject was instructed to stop cycling and sit down in a chair stationed next to the 
ergometer. At minute 6:00 the subject was seated and a 2 minute recovery period started 
with recovery HR values being recorded every 30 seconds.
Group B: A Monark 824E cycle ergometer was used for this testing. Subjects cycled at 
SOrpm with 1.5 kg of resistance (75 watts). HR and RPE was recorded at minute 4:00, 
and HR was again recorded at minute 4:50. At this point the subject was instructed to 
stop cycling and sit down in a chair stationed next to the ergometer. At minute 5:00 the 
subject was seated, and a 2 minute recovery period started with HR values recorded every 
30 seconds. The subject then got back on the cycle ergometer and cycled at a self­
selected pace that elicited an exercise HR that was at least 10 bpm greater than the 
previous stage.
Step Test:
Group A: A metronome was set at 8 8  bpm to allow 22 cycles of stepping per minute. 
Stepping was done in an up-up-down-down fashion, using an 18 inch step, for 3 minutes. 
At minute 3:00 the subject was instructed to sit quietly on a chair stationed next to the 
step. A 2 minute recovery period was then started, with recovery HR values recorded 
every 30 seconds.
Group B: A  metronome was set at 8 8  bpm to allow 22 cycles of stepping per minute. 
Stepping was done in an up-up-down-down fashion, using an 8 inch step, for 3 minutes. 
At minute 3:00 the subject was instructed to sit quietly on a chair stationed next to the 
step. A 2 minute recovery period was then started with recovery HR values recorded 
every 30 seconds.
19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Treadmill Walking:
Group A: Subjects walked at a self selected speed at 0% grade on an calibrated treadmill. 
The subjects were instructed to select a “brisk walking pace.” HR’s were recorded at 
minutes: 4:00, 8:00, 12:00, and 16:00. Subjects then were instructed to sit and rest 
quietly on a chair that was stationed next to the treadmill. A 2 minute recovery period 
was then started, with recovery HR values recorded every 30 seconds.
Group B: Subjects began walking at 2.8 mph and 0% grade on a calibrated treadmill.
HR values were recorded at minutes 4:00 and 5:00. At this time the subjects were 
instructed to sit quietly in a chair stationed next to the treadmill. A 2 minute recovery 
period was then started with recovery HR values recorded every 30 seconds. After the 
recovery period the subjects again began to walk at 2.8 mph on the treadmill. The grade 
of the treadmill was adjusted so that this workload elicited an exercise HR that was at 
least 10 bpm greater than the previous workload. HR’s were recorded at minutes 4:00 
and 5:00.
Laboratory Ventilatory Threshold Test:
Both groups A and B performed the same VT test. The VT test was conducted on a 
treadmill using the modified Balke protocol (continous 3.4mph, starting at 0% grade and 
increasing \%  every minute). Expired gases were averaged and recorded every 15 
seconds by a Parvo Medics metabolic cart (Salt Lake City, Utah) that was calibrated 
before and after each test with known concentrations of O2 and CO2. Flow rate was 
calibrated using a 3 liter syringe. HR and RPE were collected during the last 10 seconds
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of each stage. The test was terminated when the investigator was sure that VT had been 
exceeded (HR>85% predicted max, RER>1.02, and/or RPE>15). The metabolic data 
was downloaded from the metabolic cart to an excel file in order to manage the data for 
VT determination.
Ventilatory Threshold Determination:
VT was determined by using a combination of 3 methods; the ventilatory equivalent 
method, the excess CO2 method, and the V-slope method (Gaskill et al., 2001). The 
ventilatory equivalent method is defined as that intensity of physical exercise stimulating 
an increase in Ve/VOz without a concurrent increase in VefVCOz. The excess CO2 
method is defined as that intensity of physical exercise stimulating an increase in excess 
CO2 production calculated as (VC0 2 ^/V0 2 )-VC0 2 . The V-slope method is defined as 
that intensity where a transition in the relationship between VCO2 and VO2 occurs. In 
addition, RER and RPE data were evaluated to help in VT determination. VT was picked 
independently by two separate investigators. If agreement between the two investigators 
was not reached or the investigators felt it was not possible to determine VT from the 
data then the subject was eliminated from analysis.
Estimation of HR at VT:
During the laboratory VT test, HR data were collected during the final ten seconds of 
each stage. The HR corresponding to the stage at which VT occurred was recorded as the 
actual HRvt. HRvt was estimated by using the linear relationship between HR an VO2.
In group A, the linear equation was calculated using HR and estimated VO2 at rest (3.5
21
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ml/kg/min). In group B, the linear equation was calculated using HR from, the first 
workload and HR from the second workload during the submaximal field tests. VO2 at 
the submaximal workloads were estimated using the American College of Sports 
Medicine metabolic equations (Fifth edition, 1995). Each individual’s linear HR-VO2 
relationship was established. From this information HRvt is estimated by:
Equation 1:
Slope = ((HR_Ex -  HR_rest) / (V0 2 _Ex -  V0 2 _rest))
■ HR_Ex = exercise HR
■ HR_rest = resting HR
■ V0 2 _Ex = estimated VO2 during the submaximal test
■ V 0 2 j’est = estimated VO2 during rest = 3.5 ml/kg/min.
Equation 2 :
Y -intercept = HR_rest -  (V0 2 _rest * slope)
■ HR_rest = resting HR
■ V02_rest = estimated VO2 during rest = 3.5 ml/kg/min.
■ Slope = value from  equation 1
22
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Equation 3:
HRvt = slope * VOzvt + Y-intercept
■ Slope = value from  equation I
■ V0 2 Vt = previously established VO2 at ventilatory threshold
■ Y~intercept = value from  equation 2
The above equations used two workloads (resting, and 1 submaximal workload). This 
methodology was used in group A. Similar calculations were applied to group B except 
that during cycle ergometry and treadmill walking an additional workload was added (3 
workloads total: resting, submaximal workload 1 , and submaximal workload 2 ) to 
determine the slope using regression analysis of the HR -  VO2 relationship. This slope 
was then used in equation 2 and equation 3 to predict HRvt. In group B, predictions for 
HRvt were also determined by using two exercise workloads for cycle ergometry and 
treadmill walking.
Cross-Validation Group B:
Seven additional subjects with the same characteristics as the group B subjects were 
tested in the same manner. HR and VO2 at VT were predicted using the developed 
equations and then compared by using a simple correlation and t-test in order to cross- 
validate the developed prediction methods.
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Correction of Data:
Data for HRvt was corrected so that the mean of the actual data was the same as the mean 
of the predicted data. The correction factor was calculated by subtracting the predicted 
HR from the actual HR. The correction factor was then added to the end of equation 3 to 
come up with the corrected HRvt.
Equation 3a (corrected):
HRvt = slope * VOzvt + y-intercept + correction factor 
Statistics:
■ Mean and standard deviation for age, height, and weight, BMI, HR_rest.
■ Mean and standard deviation for values at VT : VO2, RER, RPE, and HR.
■ Multiple regression using S.A.S. software to develop predicion equations for
VOzvt. This was done for each mode, sex, and group.
■ Linear regression analysis to develop equations for HR -  VO2 relationship..
■ Bland Altman plots for evaluation of HRvt.
■ Pearson’s correlation for actual vs. predicted HR and VO2.
■ Two-tailed t-test for actual vs. predicted HR and VO2,
■ Cross-validation of multiple regression equations for V0 2 Vt using; Bland Altman 
plots, Pearson’s correlation, and two-tailed t-tests.
* The level of significance for all relationships was set at an alpha of <0.05. Stronger 
relationships are reported if present.
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Chapter Four: 
Results
Descriptive data at rest for groups A and B are contained in Table 1. Group A consisted 
of 55 subjects and group B included 26 subjects. The subjects o f Group B were 
significantly older (p<0.001), had a higher BMI (p=0.008), and had a lower resting HR 
(p=0.004). The two groups were not significantly different in terms of height or weight. 
Table 2 shows markers of the physiological response o f groups A and B at VT. Groups 
A and B were statistically not different in terms of VO^vt when expressed in absolute 
terms (L/min) or in relative terms (ml/kg/min). When VOivt was evaluated by gender, 
the females in group A were significantly different than the females o f group B when 
expressed in absolute terms (p=0.008), but not when adjusted for body weight (p=0.174). 
Significant differences were also found between groups A and B for RER (p<0.001) and 
HR (p=0.02). Both groups were working at statistically the same RPE (p=0.09).
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Table 1: descriptive characteristics (mean + St. Dev.) for males and females in each group
N Age (years) Height (cm) W eight (kg) BMI H R rest 
(bpm)
Group A 
Overall
55 *24.47+6.04 174.81+8.81 73.85+13.58 *23.98+2.74 *69.24+10.6
G roup A 
Males
33 26.09±7.08 179.90+6.70 81.21+11.13 25.03+2.63 69.45+9.41
G roup A 
Females
22 22.05±2.68 167.18+5.43 62.81±8.53 22.39±2.11 68.91±12.39
G roup B 
Overall
26 *50.42+5.86 173.88±7.82 81.01+17.24 *26.82+5.48 *62.42+10.4
3
G roup B 
Males
15 52.73+4.70 177.93+5.61 86.99+17.38 27.45+5.31 60.33±9.99
G roup B 
Females
11 46.09±5.17 168.09+6.91 69.54±12.27 24.90+5.68 65.64+8.14
* significant difference between groups A and B
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Table 2: descriptive characteristics at VT (mean + St. Dev.) for males and females in each group
VO2 (L/min) VO2
(ml/kg/min)
RER RPE HR
Group A 
Overall
2.06+0.74 27.30+7.35 *0.909+0.040 12.75+1.92 *138.0+17.4
Group A 
Males
2.43+0.66 30.04+7.0 *0.908+0.047 13.0+1.76 *136.7+17.2
Group A 
Females
^1.49±0.41 23.18+5.9 *0.911±0.028 12.3+2.15 140+18.0
Group B 
Overall
2.31+051 29.28+7.3 *0.866±0.042 13.5±1.61 *130.9+10.4
Group B 
Males
2.60±0.39 30.85+6.4 *0.866±0.043 13.5+1.77 *127.6+8.1
Group B 
Females
h.91±0.38 27.14±8.2 *0.866±0.042 13.4+1.43 135.4+11.9
* significant difference between groups A and B 
’’ significant difference between groups A and B by gender
Multiple Regression Equations to predict VO^vt in Group A:
Equations 4-12 show the multiple regression equations for VOavt developed using 
stepwise multiple regression analysis on S.A.S. software. The subjects used for the 
development o f these equations were the healthy college aged population (group A). The 
predicted and actual value for VOivt using equations 4, 5, 6 , 7, 8 , and 10 all showed 
significant multiple correlation values (p<0.01). Equations: 9 ,11, and 12 did not produce 
significant multiple correlations between actual and predicted V 02vt (p<0.05).
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Equation 4: Males and Females, group A bike test. R=0.7604 R^=0.5782 (p<0.01) 
VOzvt (L/min) = Partial
(0.02770 * Height) 0.4818
+ (0.01849* Weight) 0.0604
+ (0.97895 * HR_p60) 0.0360
-4 .74595
■ Height = cm
■ Weisht = kg
■ Tfi? = percent recovery in 60 seconds ((HRJEx -  HR60) /  (HR_Ex -  
HRj'est))
Equation 5: Males, group A bike test. R=0.5825 R^=0.3393 (<0.01)
VOgvt (L/min) = Partial
(0.02622 * Weight) 0.1912
- (1.17852 *HR_p30) 0.0883
+ (1.68453 * HR_p60) 0.0599
-0 .35059
■ Weight = kg
■ H/? pSO = percent recovery in 30 seconds ((HR_Ex -  HR30) /  (HR_Ex -
HR_rest))
■ HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex ~ 
H R j’est))
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Equation 6: Females, group A bike test. R=0.6027 R"=0.3633 (p<0.01)
VOivt (L/min) = Partial R^
(0.04599 * Height) 0.3633
-6.19708
■ Heisht = cm
Equation 7: Males and Females, group A step test. R=0.7453 R^=0.5555 (p<0.01)
VOzvt (ml/kg/min) = Partial R^
(0.23685 * Height) 0.0636
-(1.04833 *HR_d60) 0.0460
+ (0.76785 * HR_d90) 0.0388
+ (84.56351 *HR_p60) 0.0785
-  (44.79043 * HR_p90) 0.0309
-27.13652
■ Height = cm
■ HR d60 = 60 second HR difference (HR Ex
■ HR d90 = 90 second HR difference (HR Ex -H R90)
■ HR p60 = percent recovery in 60 seconds ((HR Ex -  HR60) /  (HR Ex -
H R jest))
HR p90 = percent recovery in 90 seconds ((HR_Ex -  HR90) /  (HR_Ex 
H Rj'est))
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Equations; Males, group A step test. R=0.7411 R^=0.5492 (p<0.01)
VOivt (ml/kg/min) = Partial
(0.13252 * HR90) 0.0469
+ (39.52930 * HR_p60) 0.5023
-5 .78202
■ HR90 = 90 second recovery HR
■ HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex 
HRj'est))
Equation 9: Females, group A step test. R=0.3497 R^=0.1223 (p>0.05)
VOavt (ml/kg/min) = Partial
(-0.08732 * HR90) 0.1223
+ 31.97266
■ HR90 = 90 second recovery HR
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Equation 10: Males and Females, group A treadmill test. R=0.5264 R^=0.2771
(p<0 .0 1 )
VOzvt (ml/kg/min) = Partial
(-6.15699 * Sex) 0.2130
-(0 .12309 *HR60) 0.0642
+ 46.22567
■ Sex -  I=male 2=female
• HR60 = 60 second recovery HR
Equation 11: Males, group A treadmill test. R=0.3180 R^=0.1011 (p>0.05)
VOivt (ml/kg/min) = Partial R^
(-0.16071 * HR60) 0 .1 0 1 1
+ 43.13345
■ HR60 = 60 second recovery HR
Equation 12: Females, group A treadmill test. 
No variables were significant
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M ultiple Regression Equations to predict VOivt in G roup B :
Equations 13-21 show the multiple regression equations for VOzVt developed using 
stepwise multiple regression analysis on S.A.S. software. The subjects used for the 
development of these equations were a healthy, middle aged population with multiple 
risk factors for coronary artery disease (group B). Equations 13-21 all show significant 
multiple correlation values between actual and predicted V0 2 vt (p<0 .0 1 ).
Equation 13: Males and Females, group B bike test. R=0.7986 R^=0.6378 (p<0.01) 
VOzvt (L/min) = Partial
(-0.02712 *HR_ex) 0.5688
-  (0.81302 * HR_p60) 0.0691
+ 5.73530
■ HR Ex -  exercise HR
• HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex -  
HRj'est))
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Equation 14: Males, group B bike test. R=0.6446 R^=0.4155 (p<0.01)
VOzvt (L/min) = Partial
(-0.12250 * RPE) 0.2826
-  (0.02394 *HR_dI20) 0.1329
+ 4.41433
* RPE -  Rating o f  perceived exertion at VT (Borg’s 6-20 scale)
- HR J 1 2 0  = 120 second HR difference (HR_Ex -  HR120)
Equation 15: Females, group B, bike test. R=0.7384 R^=0.5453 (p<0.01)
V0 2 Vt (L/min) = Partial R^
(-0.02095 * HR_Ex) 0.5453
+ 4.40101
■ HR Ex = exercise HR
Equation 16: Males and Females, group B step test. R=0.7681 R^=0.5899 (p<0.01) 
V0 2 vt (ml/kg/min) = Partial R^
(-0.40293 * BMI) 0.0590
-(0 .21746 *HR30) 0.5309
+ 58.77134
■ BM I = Body Mass Index (Weight in kg /  height in meters^)
■ HR30 = 30 second recovery HR
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Equation 17: Males, group B step test. R=0.9342 R^=0.8719 (p<0.01)
VOavt (ml/kg/min) = Partial R~
(-1.24370 * BMI) 0.5670
-  (0.54966 * Age) 0.0887
- (0.49953 *HR_d30) 0.1070
-  (0.26694 * HR_d60) 0.0394
+ (29.14768 * HR_p90) 0.0707
+ 87.33858
■ BMI = Body Mass Index (Weight in kg /  height in meters^)
■ Age = years
■ HR d30 - 3 0  second HR difference (HRjEx -  HR30)
■ HR d60 = 60 second HR difference (HRJEx — HR60)
■ HR_p90 = percent recovery in 90 seconds ((HR_Ex -  HR90) /  (HRjEx 
HR_rest))
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Equation 18: Females, group B step test. R=0.9326 R^=0.S697 (p<0.01) 
VOzvt (ml/kg/min) = Partial
(-0.45284 * HR30) 0.6471
+ (41.98436 * HR_p60) 0.1362
-  (80.67274 * HR_p90) 0.0865
+ 106.09385
■ HR30 = 30 second recovery HR
■ HR p60  = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex -  
HRj-est))
• HR p90 = percent recovery in 90 seconds ((HR_Ex -  HR90) /  (HRJEx -  
HR_rest))
Equation 19: Males and Females, group B treadmill test. R=0.7851 R^=0,6163
(p<0 .0 1 )
VOsvt (ml/kg/min) = Partial
(-0.78922 * BMI) 0.4510
-(3 .60990 * Sex) 0.1152
-(0.13673 *HR90) 0.0501
+ 65.76174
■ BMI = Body Mass Index (Weight in kg /  height in meters^)
■ Sex = I =male 2=female
■ HR90 = 90 second recovery HR
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Equation 20: Males, group B treadmill test. R=G.7572 R^=0.5733 (p<0.01)
VOivt (ml/kg/min) = Partial
(-0.91332 * BMI) 0.5733
+ 55.93392
■ BMI = Body Mass Index (Weight in kg /  height in meters^)
Equation 21: Females, group B treadmill test. R=0.8349 R^=0.6970 (p<0.01) 
V 0 2 Vt (ml/kg/min) = Partial
(-1.12536* BMI) 0.5125
+ (0.52599 * HR_d90) 0.1844
+ 46.57062
■ BMI = Body Mass Index (Weight in kg /  height in meters^)
■ HR_d90 = 90 second HR difference (HRJEx — HR90)
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Estim ation of HRvt in G roup A:
Figure 1, 2, and 3 show Bland-Altman plots o f the difference between actual and 
estimated HRvt as it is related to estimated VOiVt for the three different exercise modes 
in group A. A trend line has been drawn to identify the trends of each equation to either 
over- or under-predict a HR for a given V0 2 vt. A simple correlation between actual and 
predicted HRvt, as well as a correction factor, is shown in each figure in the top right 
hand comer. The correction factor should be added to the end of each HRvt estimation 
equation (equation 3). This correction was necessary in order to equalize the means of 
actual and predicted HR\t. The y-axis of these Bland-Altman plots is shown in standard 
deviation units for HR. Each standard deviation unit is equal to the standard deviation of 
the difference between actual and predicted HRvt. The HR -  VO2 relation ship in these 
figures was determined using resting and one submaximal workload value.
Figure 1: Males and Females, group A bike test
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Figure 2: Mates and Females, group A step test.
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Figure 3; M ales and Females, group A treadmill test.
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Estimation of HRvt in Group B:
Figures 4-10 show Bland-Altman plots for three exercise modes in group B. The HR -  
VO2 relationship in Figures 4 and 8 were calculated using data from the resting workload 
and two submaximal workloads. Figures 5, 6 , and 7 used data from only the resting 
workload and one submaximal workload for the calculation of the HR -  VO2 
relationship. Two submaximal workloads were used to develop the HR-VO2 relationship 
in Figures 9 and 10.
Figure 4: M ales and Females, group B bike test.
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Figure 5: Males and Females, group B step test.
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Figure 6: Males, group B step test.
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F igure?: Females, group B step test.
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Figure 8: M ales and Females, group B treadmill test.
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Figure 9: M ales and females, group B bike test.
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Figure 10: Males and Females, group B treadmill test.
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Cross Validation of VO^vt multiple regression equations (Group B):
The validation results for group B exercise tests are shown in Figures 11, 12, and 13. 
There is no statistical difference between predicted and actual VOivt for the bike 
(p=0.709), step (p=0.674), and treadmill (p=0.406). Significant correlations were found 
for the bike and the treadmill but not for the step test.
Figure 11: M ales and Females, validation group bike test
1.5
Biand-A Itm an Plo t r = 0.843 (pO .O i)
2
1
<D
d
■o
1
CN
•2
1.7 1.9 2.1 2.3
V 02 atV T ( in L/min)
2.5 2.7
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 12: M ales and Females, validation group step test.
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Figure 13: Males and Females, validation group treadmill test.
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ABSTRACT: PURPOSE: The purpose of this project was to develop submaximal 
exercise protocols to estimate the utilization of oxygen at the ventilatory threshold 
(VOivt) and HR at the ventilatory threshold (HRvt). Protocols were developed for cycle 
ergometry in a healthy, college aged population (Group A) and for submaximal bench 
stepping protocols in an apparently healthy population with two or more risk factors for 
coronary artery disease (Group B). METHODS: Subjects of Group A (N=55; 33 males 
and 22 females) and Group B (N=26; 15 males and 11 females) performed a graded 
exercise test on a treadmill (modified Balke protocol) with metabolic gas analysis to 
determine VO^vt. Additionally, Group A performed a six-minute cycle ergometry test at 
100 watts and Group B performed a 3-minute bench stepping test using an eight inch 
step. Recovery HR’s were recorded every 30 seconds for two minutes post-exercise. 
Stepwise multiple regression was used to develop predictive equations for VO^vt. The 
linear relationship between HR and VOj was used to estimate HRvt. RESULTS: 
Significant relationships were found in Group A (males and females) for VOzvt (R=0.76) 
and HRvt (R=0.51). Analysis by gender did not improve the predictions. Significant 
relationships were also found in Group B, with the best results being obtained with 
analysis by gender for VO^vt (males R=0.93, females R=0.93) and for HRvt (males 
R=0.54, females R=0.64). DISCUSSION: These data show that in both a healthy, 
college aged population, and an apparently healthy population with two or more risk 
factors for coronary artery disease, it is possible to predict VOivt and HRvt using 
submaximal testing and commonly available equipment.
Keywords: Cycle Ergometry, Bench Stepping, Multiple Regression Equations
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Introduction:
Paragraph Number 1 VO2 max has long been accepted as the criterion measure for 
aerobic fitness. However, submaximal measures of fitness, such as V0% at the 
Ventilatory Threshold (VT) are often more appropriate. This is true when evaluating the 
ability to sustain work, predict results in competitive aerobic events, determine the ability 
of an individual to perform activities of daily living, or to evaluate adequate fitness to 
maintain health.
Paragraph Number 2 VT is strongly related to levels of physical activities (11,20). Low 
levels of physical activity have been associated with a higher risk of cardiovascular 
disease-related mortality (4,15-17), and also to some extent cancer-related mortality (4). 
Low cardiorespiratory fitness is as strong a predictor of mortality as other conventional 
risk factors including hypercholesterolemia, cigarette smoking, and hypertension
(3,18;%).
Paragraph Number 3 Cardiorespiratory fitness can be measured by oxygen uptake 
characteristics that provide quantifiable measurements of level of physical exercise. 
Maximal oxygen uptake (VO2 max) is accepted as the traditional standard of 
cardiorespiratory fitness. However, most daily activities are executed at submaximal 
exercise intensities. Ventilatory threshold (VT) is an indicator of submaximal fitness and 
a marker for the capacity to sustain prolonged aerobic physical activity (11). Endurance 
performance events have a higher correlation with VT than with VO2 max (14,21). Not 
only is VT important in performance measures, but VT is also important in terms of
47
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general health. Preliminary data from the HERITAGE Family Study show that as VO2 at 
VT increases, systolic blood pressure and LDL cholesterol decrease and HDL cholesterol 
increase with the major changes in these values seen around critical health values for VO2 
at VT (VOivt) of about 19-24 ml-kg"‘’min‘'. A report from Tamai et al. (20) suggest 
that VT provides an accurate measure of chronic aerobic activity intensity thus giving 
clinicians the ability to accurately assess the average sustainable intensity of physical 
activity of an individual over the past several months.
Paragraph Number 4 Currently, testing for VT, as well as for VO? max, is limited by 
the cost and availability of equipment and trained personnel. Sub-maximal fitness tests 
have been used for many years to predict VO2 max (2,9,12), but to date there are no 
submaximal exercise test to predict V0 2 vt. Testing for VT or LT currently requires using 
either metabolic measurements or the collection of blood lactate during a graded exercise 
test. The development of a simple and accurate submaximal test to predict VT would 
greatly increase the application of our current knowledge in the realm of VT. VT could 
then be used as an objective marker to evaluate sustainable aerobic fitness and to evaluate 
if an individual’s activity levels are high enough to be at reduced risk for CHD, diabetes 
mellitus and hypertension, rather than basing evaluations of physical activity on self- 
reported surveys.
Paragraph Number 5 Thus, the purpose of this research was to develop prediction 
equations for V0 2 vt and HR at VT (HRvt) using descriptive and submaximal exercise 
data from cycle ergometry in a college aged population (Group A) and bench stepping 
data in an apparently healthy, middle aged population with two or more risk factors for 
coronary artery disease (Group B).
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Paragraph Number 6 Prior attempts have been made to estimate VO^vt, but none have 
used exercise tests. Davis, Storer, and Caiozzo (6) developed and cross-validated 
prediction equations for VT using resting and. descriptive data in a healthy, sedentary, 
non-smoking sample of 204 adults. Davis et al. came up with eight gender specific and 
four generalized equations using the variables of: age, sex, height, body mass, and fat free 
mass. These equations showed multiple correlations with VOivt from R=0.557-0.863. 
In a similar fashion Posner, Gorman, Klein, and Cline (19) looked at 127 healthy elderly 
subjects (mean age: 6 8 ) and 44 middle aged subjects (mean age: 39). The variables of 
age, sex, height, and weight were entered into a stepwise multiple regression formula to 
predict VOzvt which yielded a multiple correlation of R=0.849.
Methods:
Paragraph Number 7 Two groups of subjects were recruited by word of mouth from the 
campus of the University of Montana and the neighboring community for this study. A) 
Healthy college-aged group: (n=55; 33 males, 26.1+7.1 yrs, 81.2+11.1 kg and 22
females, 22.05+2.7 yrs, 62.8+8.5 kg) and B) Middle aged, apparently healthy but with 
two or more risk factors for coronary artery disease: (n=26; 15 males, 53.1+4.6 yrs, 
86.8+17.4 kg and 11 females 46.7+5.4 yrs, 73.1+14.1 kg).
Paragraph Number 8 Each subject completed an internal review board approved 
consent form and the Physical Activity Readiness Questionnaire (PARQ). Height and 
weight were measured, and body mass index (BMI, (kg/m^^) was calculated. Subjects in 
group B completed an additional risk factor assessment form.
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Paragraph Number 9 Heart rates (HR) were measured in Group A using Polar HR 
monitors (Polar, Port Washington, NY). In Group B, HR was monitored from limb lead 
ECG’s using a Quinton 4000 EGG machine (Seattle, WA). Resting HRs were measured 
while subjects sat quietly for 5 min with the lowest observed HR recorded. Subsequent 
exercise HRs were monitored and recorded as noted later. Subjects sat quietly for 10 min 
between each exercise mode to allow HRs to return to within 10 bpm of their resting HR. 
Paragraph Number 10 Group A performed cycle ergometry using a Monark 824E cycle 
ergometer (Varberg, Sweeden). Each subject performed a 3 min warm up at SOrpm with 
1 kg of resistance (50 watts) that was increased to 2kg at SOrpm (100 watts) for the six 
min exercise test. HR and rating of perceived exertion (RPE) (5) were recorded at min 
5:00 and HR was again recorded at min 5:50. At 6:00 min the subject was instructed to 
stop cycling and sit down in a chair stationed next to the ergometer. A 2 min recovery 
period was then started with HR values recorded every 30 seconds.
Paragraph Number 11 A step test was performed by Group B using a metronome set at 
88 bpm to allow 22 cycles of stepping per min on an 8 inch step. Starting from rest, the 
subjects performed the stepping (up, up, down, down) for 3 min. At min 3:00, HR was 
recorded and the subject was instructed to sit and rest quietly on a chair stationed next to 
the step. A 2 min recovery period was then started with HR values recorded every 30 
seconds.
Paragraph Number 12 Ventilatory threshold was determined using the same method in 
both groups. Each subject performed a graded exercise test on a treadmill using the 
modified Balke protocol (continuous 3.4mph walking starting at 0% grade and increasing 
1% every min). Expired gases were averaged and recorded every 15 seconds by a Parvo
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Medics metabolic cart (Salt Lake City, Utah) that was calibrated before and after each 
test with known concentrations of O2 and CO2. Flow rate was calibrated using a 3 liter 
syringe. HR and RPE were collected during the last 10 seconds of each 1 min stage. The 
test was terminated when the investigator was sure that VT had been exceeded with 
RER>1.02, HR>85% predicted max (220-age), and RPE>15). Following each exercise 
test the metabolic data was downloaded to a spreadsheet, A macro designed to print 
appropriate graphs for VT determination was developed and used to prepare the data for 
VT determination.
Paragraph Number 13 VT was determined by using a combination of 3 methods: the 
ventilatory equivalent method, the excess CO2 method, and the V-slope method (10). 
The ventilatory equivalent method is defined as that intensity of physical exercise 
stimulating an increase in Ve/VO? without a concurrent increase in Ve/VCOi. The 
excess CO2 method is defined as that intensity of physical exercise stimulating an 
increase in excess CO2 production calculated as ( V C Oz'/V O2) - VC 0?. The V-slope 
method is defined as that intensity where a transition in the relationship between VCO2 
and VO2 occurs. In addition, RER and RPE data were evaluated to help in VT 
determination. VT was picked independently by two separate investigators. If agreement 
between the two investigators was not reached or the investigators felt it was not possible 
to determine VT from the data then the subject was eliminated from analysis. For this 
reason ten subjects were dropped from group A and four subjects were dropped from 
group B. These subjects were not included in the sample size (N).
Paragraph Number 14 Multiple regression equations were developed for each group 
(overall and by gender) to estimate VOivt using the known V0 2 vt compared to exercise
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and descriptive data. Equations were then developed to estimate HR at VT (HRvt). 
During the treadmill test HR data were collected during the final ten seconds of each 
stage. The HR corresponding to the stage at which VT occurred was recorded as the 
actual HRvt. Predicted HRvt was estimated by using the linear relationship between HR 
and VO2. The linear equation was calculated using known resting and exercise HRs and 
estimated VO2 at rest (3.5 mr'*kg‘'*min'‘) and estimated VO2 during exercise. VO2 at 
the submaximal workloads was estimated using the American College of Sports 
Medicine metabolic equations(l). Each individual’s linear HR:VO% relationship was 
established. Data for HRvt were corrected so that the mean of the actual data was the 
same as the mean of the predicted data. The correction factor was calculated by 
subtracting the predicted HR from the actual HR. The correction factor was then added 
to the end of the equation to come up with the corrected HRvt. From this information 
HRvt was estimated using equation 1.
Equation 1:
HRvt = ((HRex -  HRrest) / (V0 2 ex -  VOarest) * VOivt) + (HRrest -  (VO^rest *(HRex 
-  HRrest) / (VO^ex -  VOirest))) + correction factor 
HRex = exercise HR 
HRrest -  resting HR
V0 2 ex = estimated VO2 during the submaximal test 
V02rest = estimated VO2 during rest = 3.3 ml/kg/min.
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Statistics:
Paragraph Number 15 Mean and standard deviation were calculated for age, height, 
weight, BMI, and HRrest for each group. Within group differences between males and 
females were evaluated using an independant t-test. In addition, means and standard 
deviations were calculated for VO^vt, R£R at vt, RPE at vt, and HRvt. S.A.S. software 
(Cary, N.C.) was used to develop stepwise multiple regression prediction equations for 
VOovt. This was done independently for each group and for sex within group. Linear 
regression analysis was used to develop equations for the HR:VOi relationship. Bland- 
Altman plots, Pearson’s correlations and two tailed dependant t-tests were used to 
evaluate the relationship of actual vs. predicted VOivt and HRvt. The level of 
significance for all relationships was set at p<0.05. Stronger relationships are reported if 
present.
RESULTS:
VOivt
Paragraph Number 16 Table 1 shows markers of the physiological data of groups A and 
B at VT. Overall, groups A and B were not statistically different for VOzvt in absolute 
(L/min) or relative terms (ml/kg/min). For females there was a significant difference 
between groups A and B in VOzvt when expressed in absolute terms (p=0.008), but not 
after adjustment for body weight (p=0.174). There were no differences in VOzvt for 
males between groups A and B. Significant differences were also found between 
groups A and B in RER (p<0.001) and HR (p=0.02). But not in overall RPE (p=0.09). 
(PURPOSED SITE FOR TABLE 1)
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Paragraph Number 17 Equation 2 shows the best multiple regression equation to 
estimate VOivt from cycling in group A This equation for healthy, college aged subjects 
is not gender specific. The variables included in this model and their contribution to the 
total model (partial R^) are: height (R"=0.4818), weight (R^=0.0604), and percent HR 
recovery in 60 seconds (R"=0.0360).
Equation 2: Multiple Regression Equation to Predict VO%vt for Healthy, College Aged 
Males and Females (GroupA). (R=0.7604, R'=0.5782, p<0.01)
VO:vt (L/min) = (0.02770 * Height) + (0.01849 * Weight) + (0.97895 * HR_p60) -  
4.74595
■ Height = cm
■ Weight = kg
• HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex -
H R jest))_________________________________________________________
Paragraph Number 18 For group B, the best equations to predict VOivt from bench 
stepping were sex specific and are shown in equations 3 and 4. For males in Group B the 
best equation is shown in Equation 3. The. variables included in this model and their 
contribution to the total model (partial R^) are: BMI (R"=0.5670), age (R‘=0.0887), 30 
second HR difference (R^=0.1070), 60 second HR difference (R^=0.0394), and percent 
recovery HR in 90 seconds (R"=0.0707). Equation 4 shows the best multiple regression 
equations for females in Group B. The variables included in this model and their
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contribution to the total model (partial R") are: 30 second recovery HR (R"=0.6471), 
percent HR recovery in 60 seconds (R‘=0.1362), and percent recovery in 90 seconds 
(R-=0.0865).
Equation 3: Multiple Regression Equation to Estimate V0:vt in middle aged males 
(Group B). (R=0.9342, R ^ .8719 , p<0.01)
VO]Vt (ml/kg/min) = (-1.24370 * BMI) -  (0.54966 * Age) - (0.49953 *HR_d30) -  
(0.26694 * HR_d60) + (29.14768 * HR_p90) + 87.33858
■ = Body Mass Index (Weight in kg /  height in meters^)
■ A?e = years
■ HR dSO = 30 second HR difference (HR_Ex -  HR30)
■ d60 = 60 second HR difference (HRJEx -  HR60)
• HR p90 = percent recovery in 90 seconds ((HRJEx -  HR90) /  (HR_Ex -
HR_rest))
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Equation 4: Multiple Regression Equation to Estimate VO?vt in middle aged females 
(Group B). (R=0.9326, R'=0.8697, p<0.01)
VO:vt (ml/kg/min) = (-0.45284 * HR30) + (41.98436 * HR_p60) -  (80.67274 * 
HR_p90) + 106.0938
■ HR30 = 30 second recovery HR
■ HR p60 = percent recovery in 60 seconds ((HR_Ex -  HR60) /  (HR_Ex -  
HR_rest))
■ HR p90 = percent recovery in 90 seconds ((HR_Ex -  HR90) /  (HR_Ex -  
H Rjest))
HRvt
Paragraph Number 19 Figures 1-3 show plots of the difference between actual and 
estimated HRvt using Bland-Altman plots with each horizontal line representing one 
standard deviation. The HR difference is plotted against VOivt to show the trends of 
each equation to over- or under-predict a HR for a given VOjvt. A simple correlation 
between actual and predicted HRvt, as well as a correction factor, is shown in each figure 
in the top right hand comer. The correction factor should be added to the end of each 
HRvt estimation, as in equation 1. This correction was necessary in order to equalize the 
means of actual and predicted HRvt. The y-axis of the Bland-Altman plots is shown in 
standard deviation units for HR. Each standard deviation unit is equal to the standard 
deviation of the difference between actual and predicted HRvt. It should be noted that 
the data in these figures represent normal distributions.
(PURPOSED SITE FOR FIGURE 1)
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(PURPOSED SITE FOR FIGURE 2)
(PURPOSED SITE FOR FIGURES)
DISCUSSION:
Paragraph Number 20 Previous research has shown that an RPE of 12-13 (8) or 13-15 
(13) corresponds to that intensity at which VT occurs. The findings of the current study 
remain consistent with these prior data. In addition, values for VO^vt found in group A 
of the current study are consistent with previous studies which have evaluated VT. The 
females of group A were sedentary with similar values for VO^vt as found in the 
HERITAGE Family Study. The males of group A, and both males and females of group 
B were more active and appeared to be more fit than similar subjects found in cross 
sectional studies. Survey data of self reported activity levels gathered from these subjects 
would support that the exercise intensity and duration of the subjects in the current study 
is reflected by their V Ozvt.
Paragraph Number 21 ' The use of sub-maximal cycle ergometry and step testing to 
estimate VO2 max has been accepted by the exercise testing community for many years. 
These previously developed tests have shown significant relationships between the 
estimated VO2 max using submaximal tests and actual measured VO2 max; Astrand 
Rhyming R=0.74, Fox Protocol R=0.76, step tests from R=0.32-0.77 (12).
Paragraph Number 22 Thèse current data indicate that it is possible to predict V0 2 Vt 
using submaximal cycle ergometry and bench stepping. Furthermore, the current 
research would suggest that submaximal tests are equal to or better at estimating V0 2 Vt
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(R=0.76 to 0.93) than at estimating VO2 max. These findings may help us to apply our 
knowledge about the importance of VT to large populations in a cost effective manner. 
Paragraph Number 23 The prediction equations developed in this study for VOzvt and 
HRvt can be used in many ways. The ease and cost-effective manner in which these tests 
can be administered make them ideal for large groups. P.E. classes may find these 
protocols to be a useful tool in evaluating functional aerobic fitness levels on a large 
number of participants. These protocols may also be used in large epidemiological 
studies where the number of subjects to be tested may make it impractical, both time- and 
cost-wise to complete a laboratory VT test. In addition, the adoption of this protocol by 
family physicians may make general health evaluations more informative. As stated 
previously, exercise based risk for CAD, diabetes mellitus, and hypertension may 
eventually be evaluated by this type of test. Aerobic athletes may also find these 
protocols helpful to frequently and easily evaluate sustainable aerobic fitness.
Paragraph Number 24 Current ACSM guidelines recommend basing exercise intensity 
on a percentage of maximal HR or VO?. This may not be the best method for 
determining exercise intensity. The percentage of max methods assume that working at 
these arbitrary percentages will elicit the same metabolic response in all individuals. We 
know that two individuals with the same VO? max values working at the same arbitrary 
percentage of VO? max may be working at very different relative intensities (different 
RER and RPE values). In a study by Fabre et al. subjects were assigned to either an 
exercise intensity relative to VT or an exercise intensity relative to heart rate reserve 
(%V0? max). The study concluded that the group that trained relative to VT improved 
significantly more than did the group training relative to VO? max (7). The group that
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was prescribed an intensity relative to heart rate reserve had subjects that were exercising 
above VT and some subjects that were exercising below VT resulting in variable results 
for changes in VT or VO2 max. By prescribing training intensities relative to VT we may 
be able to eliminate some of the variance in prescribed exercise intensity and positively 
effect the physiological response to the exercise and improve the effectiveness of exercise 
prescriptions. This notion of basing exercise intensity on VT is another application for 
the use of protocols developed in this study on a wide scale.
Summary:
Paragraph Number 25 The current research shows that the submaximal cycle and bench 
stepping tests presented in this study are better at estimating VOivt than are popularly 
used submaximal tests at estimating V0% max. The ability to easily and accurately 
estimate VOzvt may have a wide range of implications for exercise prescription and 
health related fitness evaluation.
Other Research Considerations:
Paragraph Number 26 These data and equations represent data from an ongoing project 
in our laboratory. We have developed, and continue to work on improving prediction 
equations such as those presented in this paper for different exercise modes (bike, 
treadmill, step) and in different populations.
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Table I : Descriptive characteristics at VT (mean ± St. Dev.) for males and females
VO: (L/min) VO:
(ml/kg/min)
RER RPE HR
Group A 2.06+0.74 27.30+7.35 *0.909+0.040 12.75+1.92 *138.0+17.4
Group A 
Males
2.43+0.66 30.04+7.0 *0.908+0.047 13.0+1.76 *136.7+17.2
Group A 
Females
*1.49+0.41 23.18+5.9 *0.911+0.028 12.3+2.15 140+18.0
Group B 2.31+051 29.28+7.3 *0.866+0.042 13.5+1.61 *130.9±10.4
Group B 
Males
2.60+0.39 30.85+6.4 *0.866+0.043 13.5+1.77 *127.6+8.1
Group B 
Females
*1.91+0.38 27.14+8.2 *0.866+0.042 13.4+1.43 135.4+11.9
* significant difference between groups A and B 
 ̂significant difference between groups A and B by gender
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Figure 1: Difference Between Actual and Predicted HRvt vs. VOovt for Healthy,
College Aged males and females (Group A) for the bike test.
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Figure 2 : Difference Between Actual and Predicted HRvt vs. VO^vt for Middle Aged
Males (Group B) for the bench stepping test.
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Figure 3 : Difference Between Actual and Predicted HRvt vs. VOiVt for Middle Aged
Females (Group B) for the bench stepping test.
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Appendix I: 
Group A Attachments
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D ata Form  for E stim ation  o f VT R esearch Proj CL
Nam e
Sex  
□  ' 
□  
□
□
□
I.
2
4.
5.
6 .
□
□
Age, Phone
Wet she kg lbs Height cm inches
rPARQ
Consent Form
Bikina Test ac 5QRPNi and 2kt^
Resting KR. Record___________
5 minutes Biking H R  ______
5 minute Biking RPE._________
5:50 Biking HR.______________ _
DATE I ime started
HR at 30 seconds after biking_
HR at 1.00 min after biking__
HR at 1:30 min after biking__
HR at 2:00 m m  after biking__
Tim e data collection for bike test ended_
Activity Questionnaire I
Step Test Data at 22 steps/min (________ inch bench'i DATE
Resting HR_ 
HR at 3 .00 '
HR at 30 seconds after exercise_
HR at 1:00 min after exercise__
FIR at 1:30 min after exercise__
HR at 2 .00 m in after exercise__
Tim e data collection  for step test ended________________________
Activity Questionnaire %
R ockport W aling  T est data (this can be done on the treadmill also at 1% grade). If on  
a treadmill take H R’s at 4 minute intervals after they have se lf  selected a brisk pace.
I.
■)
DATE
or speed
R esting HR 
HR lap 1 Time lap 1
3. HR lap 2 Tim e lap 2 or speed
4. HR lap 3 Time lap 3 or speed
5. HR lap 4 Tim e lap 4 or speed
6. HR at 30 seconds after exercise
7. HR at 1:00 m in after exercise
S. HR at 1:30 m in after exercise
9, HR at 2:00 m in after exercise
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L _ 1 Lab VT r e s t :  DATE Post cal 0 2 .  C 0 2
H R at VT File save as;
R P E at VT
S B P a t VT
DBF at VT
V 0 2 v t ml.'ka'min
V 0 2 v t ml, min
/'.'i'Vrli. tr'* >
VT Prediction -  Balke Treadmill Test Data
N.A.VE DATE
! T m E  i % GRADE
i
SPEED i HR j RPE
i i
V 02 1 5 BP/D BP 
fral/ka/min) '
i Resting i 1 | 1 |
; CP J  i 1
/  - 2  ; / •i-V 1 i i
2 ^ 3  i 2 ,  ' . i I
3 < 4  j ?  j 1 ( i i
Y i l
7 : 8
le.
t i 9  i ( f  i i i 1 . I i
f  T  1 0 ; 9 i 1 ! I ' !
/Ù--T 1 I ! /Û ! ! 1 i 1 ;
/ / r  1 2 i / /  1 i 1 1 1 i
/Jt 13 ! 1 i i
/ J f  1 4 i / J  ! 1 I 1
y ¥ f l 5 ! / V  1 1 !
/ S r l 6 i / ) "  1 11
/0-^l7 i / < y  1 1
/ ? - l 8 ! O  I
! / y  : y 1
/ V t 2 Q i i
3 d - 4 2 1 i 1
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hl'm a n  p e r f o r m a n c e  l .aboel\ t o r y
Dept o f  Health and Human Performance 
UNIVERSITY OF MONTANA 
Missoula, Montana
SUBJECT INFO RELATION AND CONSENT FORM
ID- Todav's Date; Particicant
fPrint Name) NIonth Day Year
M O S T A  S A  S U B M A X M A L  FÎT.NESS A S S E S S M E N T  TOOL-Rnsearch Study
STUDY DCRECTOR(S): Steven Gaskill, Ph.D. (406)243-4268 Utüversiry o f Montana
Brent Ruby, Ph.D. (406) 2 43-2117 University o f  Montana
This consent form may contain words that are new to you. If you read any words that are not clear to you. please 
ask the person who gave you this form to explain them to you.________________________________________________
PURPOSE OF THE RESEARCH
• You are being asked to take part in a research study comparing heait rate, age. gender and other low
intensity exercise variables with heart rate and utilization o f  oxygen at the ventilatory threshold. The
ventilatory threshold is an intensity o f  physical activity that most individuals can sustain for 2 or more 
hours.
•  Y ou have been chosen as you are healthy and between the ages o f 13 to 60 years old.
T he purpose of this research study is to learn develop prediction equations tor ventilatory threshold from 
submaximal tests.
PROCEDURJES
We will measure your height and weight and ask you to fill in an information form.
Y ou will be asked to perform the following exercise tests.
• A 3-minute submaximal bike-ride. This is only moderate exercise, but may result in slight shormess 
o f  breath and heavy or tired legs.
•  .A bench stepping exercise for three minutes. This is only moderate exercise, but may result in slight 
shormess o f breath and heavy or tired legs.
•  .An 8-minute walk at a self-selected brisk pace. The term ‘brisk’ is relative for each individual. This 
should be a pace that you can easily maintain for the 8-minute period, but which is slightly faster than 
you would normally walk. It is self-selected on a treadmill.
• A submaximal walking test on a treadmill lasting approximately 15 minutes during which you will 
have an apparatus in your mouth to allow us to collect your expired air. Submaximal exercise means 
that we will stop short o f reaching your maximal effort. For this tests you will be asked to do 
moderate to moderately hard exercise reaching about 75% or your estimated maximal HR. This may 
cause you to begin to breath rapidly and create some feelings o f  shormess o f breath and cause your 
legs to become somewhat tired.
During these exercise tests we will be collecting heart rate data (from an automated HR monitor) and 
asking you to rate how hard you feel you are working. Men who are 45 years or older and females who are 55 
years or older will also have blood pressure measurements as well as monitoring o f  your heart done during rest and 
exercise. This is to ensure that the tests are safe and that there will be no adverse effects from the exercise.
In addition, you will be required to fill out two questionnaires concerning your normal physical activity 
levels. This will be done during rest periods between the exercise tests and requires about 15 minutes for both.
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LOCATION AND LENGTH OF TLME REQUIRED
The srudy will take place at the Laboratory o f Health and Human Performance in McGill Hal! (First Floor -  enter 
main doors, go straight through lobby, then enter lab via first door to the right.) The session will last for 
approximately 2 hours. Tliis will allow you adequate time to rest between exercise sessions and to fill out the 
questionnaires.
PAYMENT
There is no payment for participation
RISKS/DISCOMFORTS
• Mild discomfort may result during and after the exercise. These discomforts include shormess of 
breath, tired or sore legs, and a dry throat while wearing the mouthpiece during the treadmill test. 
Muscle soreness after the tests may occur as a result o f  the exercise, but should not persist.
• Certain changes in body ftinction take place when any person exercises. Some o f these changes are 
normal and others are abnormal. Abnormal changes may occur in blood pressures, heart rate, heart 
rhythm or extreme shortness o f breath. Very rare instances o f heart anack have occurred, as with 
ocher moderately strenuous exercise activities. Every effort will be made to tnitiirtiize possible 
problems by the preliminary evaluation and constant surveillance during testing. Equipment and 
trained personnel are available to deal with unusual situations should they arise. .A. trained CPR 
technician will be on hand at all times, and the laboratory has standard emergency procedures should 
any potential need arise.
• You will be informed o f any new findings that may affect your decision to remain in the study.
• During any o f  the exercise tests should symptoms, such as chest discomfort, unusual shormess o f  
breath or other abnormal findings develop, the exercise physiologist conducting the research will 
terminate the test. Guidelines by the American College o f  Sports Medicine will be followed to 
determine when a test should be stopped.
BENEFITS OF P.\RT1CIPATING IN THIS STUDY
• There is no promise that you wiU receive any benefit fi'om taking part in this study.
• The information from these tests will provide you with accurate information about your aerobic fimess
status.
• There are no other direct benefits to the participants in the study 
CONFIDENTIALITY
• Your records will be kept private and will not be released without your consent except as required by 
law.
• Only the researcher and her faculty supervisor will have access to the files.
•  Your identity will be kept confidential.
• If Che results o f  this study are written in a scientific journal or presented at a scientific meeting, your 
name will not be used.
• All data, identified only by an anonymous ID will be stored in our laboratory.
• Your signed consent form and information sheet will be stored in a locked office separate from the
data.
COMPENSATION FOR INJURY
Although we believe that the risk o f taking pan in this study is minimal, the following liability statement is 
required in all University o f  Montana consent forms. "In the event that you are injured as a result o f  this 
research you should individually seek appropriate medical treatment. I f  the injury is caused by negligence o f  the 
University or any o f  its employees, you may be entitled to reimbursement pursuant to the Comprehensive State 
Insurance Plan established by the Department o f  Administration under the authority o f^/iC A ., Title!. Chapter 9. 
In the event o f  a claim for such injury, further information may be obtained from the University's Claim 
representative or University Legal Counsel. "
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VOLUNTARY PARTICtPAT10NAVlTHDR.\W AL
• You have die right to request that a test be stopped at any time.
• Your decision to take part in this research study is entirely voluntary.
• You may refuse to take part in or you may withdraw from the study at any time 'Arithout penalty or 
loss o f  benefits to which you are normally entitled.
• You may leave the study for any reason.
You may be asked to leave the study for any o f the following reasons;
• Failure to follow the study investigator's instructions.
• A serious adverse reaction which may require evaluation.
• • The study director/investigator thinks it is in the best interest of your health and welfare
•  The study is terminated.
Q U EST IO N 'S
• You may wish to discuss this with others before you agree to take part in this study.
• If you have any questions about the research n o w  or during the study contact: Steven Gaskill 
(406)243-4263 or Brent Ruby (406)243-2117
• If you have any questions regarding your rights as a research subject you may contact the Chairman 
o f  the Independent Board through the Research Office at the L'niversity o f Montana at 243-6670.
SUBJECT’S STATEMENT OF CONSENT
I have read the above description o f  this research study. I have been informed o f  the risks and benefits involved, 
and ail my questions have been answered to my satisfaction. Furthermore. I have been assured that a member o f  
the research team will also answer any future questions I may have. I voluntarily agree to take part. I understand I 
will receive a copy o f this consent form.
Printed (Typed) Name o f Subject
Subject's Signature Date
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Appendix II 
Group B Attachments
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VT/RPP Data Sheet
Date: ID#: Gender:
Age: Height: Weight:
'oBF (hydrostatic): Resting HR: Resting BP:
Step  Test:
HR rest;
HR @  3 m in .:_______
HR 30 sec. P o st:__
HR @ I min. P o st:___
HR @ 1:30 min. Post: 
HR %  2:00 min. Post:
PA  Q uestionnaire 1 ____
T read m ill Test: V T (2.8mph/0% grade)
HR rest:_______
HR min. 4 ; _________
5:HR @ min. _____
HR @ 30 sec. Post: 
HR 1 min. Post;
H R @  1:30 min. Post: 
H R @  2:00 min. Post: 
T read m ill Test: R f  P /V T  
(2.8mph/adjust grade)
% G rade:_______
Fixed H R :_________
Min. 3 S E P :_______
Min. 4 H R :_________
Min. 5 S E P :_________
Min. 5 H R :________
P A  Q uestionnaire 2 _______
A rm  Test:
Min. 3 S E P :_______
Min. 5 SEP:
C ycle Test: V T (1.5kg/50rpm):
HR rest:_______
HR @ 4 m in .:_______
4 min. R P E :________
HR 0 ,4 : 5 0 : ________
HR @ 30 sec. P o st:__
HR @ 1 min. P o st:___
HR @ 1:30 min. Post:
HR O  2:00 min. Post:
C ycle T est: R PP/V T  (?kg/?rpm)
Min. 3 S E P :____ ________
Min. 5 S E P :___ _̂________
Min. 5 H R :______
K g :______
RPM:
Lab V T  : B alke T readm ill T est
Post C a l:________ 0 2 , ________ C 0 2
File n am e:_________________
Cart VT: Tech. VT:
T im e 1 HR RPE 1
1:00 1
2:00 i
3:00 1
4:00 1
5:00 1
6:00 !
7:00 i
8:00
9:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00
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H L 'M A N  P E R F O E IjV L A N C E  L A B O R A T O R Y  
D e p t o f  H ea lth  and  H u m a n  P e r fo r m a n c e  
L 'N IV E R S IT Y  O F  M O N T A N A  
M is s o u la ,  M o n ta n a
S U B J E C T  I N F O R M A T I O N  A N D  C O N S E N T  F O R M
___________  ID ff_____________ T o d a y 's  D a t e ; _________ / _______ / _______ P a rtic ip an t
/Print Name) M o n th  D a y  Y ea r
M ONTANA SUBMÆXTNfAL F ITN ESS IN V E N T O R Y  TGOL-Research Study
S T U D Y  D E R E C T O R { S ) :  S te v e n  G a sk il l,  P h .D . ( 4 0 6 )  2 4 3 - 4 2 6 8  U n iv e r s it é /o f  M o n ta n a
B ren t R u b y , P h .D . ( 4 0 6 )  2 4 3 - 2 1 1 7  U n iv e r s ity  o f  M o n ta n a
T h is  c o n s e n t  form  m a y  c o n ta in  w o r d s  that are n e w  to  y o u . I f  y o u  read  a n y  w o r d s  that are not c le a r  to  y o u . p le a se  
a sk  th e  p e r so n  w h o  g a v e  y o u  th is  form  to e x p la in  th em  to  y o u . _________________________________________________
P U R P O S E  O F  T H E  R E S E A R C H
•  Y o u  are b e in g  a sk ed  to  take part in a resea rch  s tu d y  c o m p a r in g  heart rate, a g e . g e n d e r  and  o th er  lo w  
in te n s ity  e x e r c is e  v a r ia b le s  w ith  h ea r t rate and  u ti l iz a t io n  o f  o x y g e n  at th e  v e n tila to r y  th r e sh o ld . T h e  
v e n t i la to r y  th r e sh o ld  is an  in te n s ity  o f  p h y s ic a l  a c t iv i ty  that m o s t  in d iv id u a ls  can  su s ta in  fo r  2 or  
m o re  h o u rs .
•  Y ou  have been chosen as you have been identified  as at risk for or have known Cardio Vascular D isease  (C V D ). 
T he purpose o f  this research study is to d evelop  prediction equations for ventilatory threshold from subinaxitnai 
tests.
P R O C E D U R E S
W e  w i l l  m e a su r e  y o u r  h e ig h t  a n d  w e ig h t  a n d  a sk  y o u  to  f i l l  in an  in fo r m a tio n  form .
Y o u  w i l l  b e  a sk e d  to p erfo rm  th e  f o l lo w in g  e x e r c is e  te s ts .
•  A  5 -m in u te  su b m a x im a l b ik e -r id e . T h is  is o n ly  m o d e r a te  e x e r c is e ,  but m ay  resu lt in s l ig h t  sh o r tn e s s  
o f  b reath  and  h e a v y  or tired  le g s .
•  A  b e n c h  s te p p in g  e x e r c is e  for th ree  m in u te s . T h is  is  o n ly  m o d e r a te  e x e r c is e ,  but m a y  r esu lt in s l ig h t  
sh o r tn e s s  o f  breath  a n d  h e a v y  o r  t ire d  le g s .
•  .An 8 -m in u te  w a lk  at a  s e l f - s e le c t e d  b r isk  p a c e . T h e  t e r m ’b r i s k ' i s  r e la t iv e  fo r  e a c h  in d iv id u a l. T h is  
sh o u ld  b e  a  p a c e  th a t y o u  can  e a s i ly  m a in ta in  fo r  th e  8 -m in u te  p e r io d , bu t w h ic h  is s l ig h t ly  fa ste r  
th an  y o u  w o u ld  n o r m a lly  w a lk . It is  s e l f - s e le c t e d  o n  a tr ea d m ill.
•  A  su b m a x im a l w a lk in g  te st  on  a  trea d m ill la s t in g  a p p r o x im a te ly  15 m in u te s  d u rin g  w h ic h  y o u  w il l  
h a v e  an  a p p a ra tu s in  y o u r  m o u th  to  a l lo w  u s  to  c o l l e c t  y o u r  e x p ir e d  air. S u b m a x im a l e x e r c is e  m e a n s  
that w e  w il l  sto p  sh o rt o f  r ea c h in g  y o u r  m a x im a l e f fo r t . F or th is  te s ts  y o u  w il l  b e  a sk ed  to  d o  
m o d e r a te  to  m o d e r a te ly  hard e x e r c is e  r e a c h in g  a b o u t 75 %  or y o u r  e s t im a te d  m a x im a l H R . T h is  m a y  
c a u se  y o u  to  b e g in  to breath  ra p id ly  a n d  c r e a te  s o m e  fe e l in g s  o f  sh o r tn e s s  o f  breath  a n d  c a u s e  y o u r  
leg s  to  b e c o m e  so m e w h a t  tired .
D u r in g  th e se  e .x erc ise  te s ts  w e  w il l  b e  c o l l e c t in g  h ea rt rate d a ta  (fr o m  an a u to m a ted  H R  m o n ito r ) and  
a s k in g  y o u  to  rate h o w  h a rd  y o u  fe e l  y o u  are w o r k in g . B lo o d  p r e ssu re  m e a su r e m e n ts  as w e ll  as m o n ito r in g  o f  
y o u r  h ea rt w i l l  be d o n e  d u r in g  rest and  e x e r c is e .  T h is  is  to  e n su r e  th at th e  te s ts  are sa fe  and  that th ere  w ill b e  n o  
a d v e r se  e f f e c t s  from  th e  e x e r c is e .
In addition, y o u  w il l  b e  req u ired  to  f i l l  o u t tw o  q u e s t io n n a ir e s  c o n c e r n in g  y o u r  norm al p h y s ic a l a c t iv ity  
le v e ls .  T h is  w i l l  b e  d o n e  d u r in g  rest p er io d s  b e tw e e n  th e  e x e r c is e  te s ts  and  req u ires a b o u t 15 m in u te s  fo r  b o th .
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LOCATION .\N D  LENGTH OF TIME REQUIRED
T h e  s tu d y  w i l l  ta k e  p la c e  at th e  L a b o ra to ry  o f  H ea lth  a n d  H u m a n  P e r fo r m a n c e  in M c G ill  H a ll (F ir s t  F l o o r - e n t e r  
m a in  d o o r s , g o  stra ig h t th ro u g h  lo b b y , th en  e n te r  lab  v ia  U rst d o o r  to  th e  r ig h t.)  T h e  s e s s io n  w il l  la st  for  
a p p r o x im a te ly  2 h o u rs . T h is  w i l l  a l lo w  y o u  a d e q u a te  t im e  to  res t b e tw e e n  e x e r c is e  s e s s io n s  an d  to f ill  o u t the  
q u e s t io n n a ir e s .
PAYMENT
T h e r e  is  n o  p a y m e n t  for  p a r tic ip a tio n
RISKS/DISCOM FORTS
•  M ild  d is c o m fo r t  m a y  resu lt d u r in g  and  a fter  th e  e x e r c is e .  T h e s e  d is c o m fo r ts  in c lu d e  sh o r tn e s s  o f  
b rea th , tired  or  so r e  le g s , and  a d ry  throat w h ile  w e a r in g  th e  m o u th p ie c e  d u r in g  th e  tr ea d m ill test. 
M u s c le  s o r e n e s s  a fter  the te s ts  m a y  o c c u r  a s a  r e su lt  o f  th e  e x e r c is e ,  b u t sh o u ld  n o t p e r s is t .
•  C e r ta in  c h a n g e s  in  b o d y  fu n c tio n  take p la c e  w h e n  a n y  p e r so n  e x e r c is e s .  S o m e  o f  th e se  c h a n g e s  are  
n o rm a l and  o th e r s  are  a b n o rm a l. A b n o r m a l c h a n g e s  m a y  o c c u r  in b lo o d  p r e ssu r e s , heart rate, h e a it  
rh y th m  o r  e x tr e m e  sh o r tn e s s  o f  breath . V e r y  rare in s ta n c e s  o f  heart a tta ck  h a v e  o c cu rr ed , a s w ith  
o th e r  m o d e r a te ly  s tr e n u o u s  e x e r c is e  a c t iv i t ie s .  E v e r y  e f fo r t  w i l l  be m a d e  to m in im iz e  p o s s ib le  
p r o b le m s  b y  th e  p r e lim in a r y  e v a lu a t io n  a n d  c o n s ta n t  s u r v e i lla n c e  d u r in g  te s t in g . E q u ip m e n t and  
tr a in ed  p e r so n n e l are  a v a ila b le  to  d e a l w ith  u n u su a l s itu a t io n s  sh o u ld  th e y  a r is e . A  tra in ed  C P R  
te c h n ic ia n  w i l l  b e  o n  han d  at a ll t im e s , a n d  th e  la b o r a to ry  h as sta n d a rd  e m e r g e n c y  p r o c e d u r e s  sh o u ld  
a n y  p o te n tia l n e e d  a r ise .
•  Y o u  w i l l  be in fo r m e d  o f  a n y  n e w  f in d in g s  th at m a y  a f fe c t  y o u r  d e c is io n  to  rem a in  in th e  stu d y .
•  D u r in g  a n y  o f  the e x e r c is e  te s ts  sh o u ld  sy m p to m s , su c h  a s c h e s t  d is c o m fo r t ,  u n u su a l sh o r tn e s s  o f
b reath  o r  o th e r  a b n o rm a l f in d in g s  d e v e lo p ,  th e  e x e r c is e  p h y s io lo g is t  c o n d u c t in g  th e  r esea r ch  w ill  
te rm in a te  the te st. G u id e lin e s  b y  th e  A m e r ic a n  C o l le g e  o f  S p o r ts  M e d ic in e  w i l l  be  f o l lo w e d  to
d e te r m in e  w h e n  a  te s t  sh o u ld  b e  s to p p e d .
BENEFITS OF PARTICIP.-kTING IN THIS STUDY
•  T h e r e  is  no p r o m ise  that y o u  w il l  r e c e iv e  a n y  b e n e f i t  from  ta k in g  part in th is  s tu d y .
•  T h e  in fo r m a tio n  fro m  th e se  te s ts  w i l l  p r o v id e  y o u  w ith  a c c u r a te  in fo r m a tio n  a b o u t y o u r  a e ro b ic  
f i t n e s s  s ta tu s . T h is  in fo r m a tio n  w il l  b e  se n t  to y o u r  p h y s ic ia n .
•  T h e r e  are n o  o th e r  d ir ec t  b e n e f it s  to  th e  p a r tic ip a n ts  in th e  s tu d y
CONFIDENTIALITY
•  Y o u r  r ec o rd s  w i l l  b e  kep t p r iv a te  and  w i l l  n o t b e  r e le a s e d  w ith o u t  y o u r  c o n s e n t  e x c e p t  a s  req u ired  b> 
la w .
•  O n ly  th e  r e se a r c h e r  an d  her fa c u lty  su p e r v iso r  w i l l  h a v e  a c c e s s  to  th e  f i le s .
•  Y o u r  id e n t ity  w i l l  b e  k ep t c o n f id e n t ia l.
•  [ f  the r e su lts  o f  th is  s tu d y  are w r itte n  in  a  s c ie n t i f i c  jo u r n a l o r  p r e se n te d  at a  s c ie n t i f ic  m e e t in g , y o u r
n a m e  w i l l  n o t  be u sed .
•  A ll  d a ta , id e n t if ie d  o n ly  b y  an a n o n y m o u s  ID  # , w i l l  be  s to r e d  in o u r  la b o r a to ry .
•  Y o u r  s ig n e d  c o n s e n t  form  and in fo r m a tio n  s h e e t  w i l l  be s to r e d  in a lo c k e d  o f f i c e  se p a r a te  from  th e  
data .
COMPENSATION FOR INJURY
A lth o u g h  w e  b e l ie v e  th a t the r isk  o f  ta k in g  part in  th is  s tu d y  is  m in im a l, th e  f o l lo w in g  l ia b il ity  s ta te m e n t  
is r eq u ire d  in  ail U n iv e r s ity  o f  M o n ta n a  c o n s e n t  fo r m s . "In the event that yott are injured as a result o f  this 
research you should individually seek appropriate médical treatment. I f  the injury is caused by negligence o f  the 
University or any o f  its employees, you may be entitled to reimbursement pursuant to the Comprehensive State 
Insurance Plan established by the Department o f  Administration under the authority o f M.C.A., Title!. Chapter 
9. In the event o f  a claim fo r  such injury, further information may be obtained from the University's Claim 
representative or University Legal Counsel. ”
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VOLUNTARY P.ARTICIPATIONAYITHDR-AWa L
•  Y o u  h a v e  the r igh t to req u est chat a  te s t  b e  s to p p e d  at a n y  tim e .
•  Y o u r  d e c is io n  to take part in  th is  r esea r ch  s tu d y  is e n t ir e ly  v o lu n ta ry .
•  Y o u  m a y  r e fu se  to  tak e  part in or  y o u  m a y  w ith d r a w  from  th e  stu d y  at a n y  t im e  w ith o u t  p e n a lty  or  
lo s s  o f  b e n e f its  to w h ic h  y o u  are n o r m a lly  e n tit le d .
•  Y o u  m a y  le a v e  the s tu d y  fo r  a n y  r ea so n .
Y o u  m a y  be a sk e d  to  le a v e  th e  s tu d y  fo r  a n y  o f  the f o l lo w in g  rea so n s:
•  F a ilu re  to f o l lo w  th e  s tu d y  in v e s t ig a to r ’s in str u c tio n s .
•  A  se r io u s  a d v e r se  r ea c t io n  w h ic h  m a y  req u ire  e v a lu a t io n .
•  T h e  s tu d y  d ir e c to r /in v e s t ig a to r  th in k s  it is in th e  b e s t  in te re st  o f  y o u r  h ea lth  a n d  w e lfa r e
•  The study is terminated.
Q U E S T IO N S
• You m ay wish to d iscuss this with others before you agree to take part in this study.
•  I f  y o u  h a v e  a n y  q u e s t io n s  a b o u t th e  r e sea r ch  n o w  o r  d u r in g  th e  stu d y  c o n ta c t;  S te v e n  G a sk ill  P h .D  
( 4 0 6 ) 2 4 3 - 4 2 6 S  o r  B ren t R u b y  P h .D  ( 4 0 6 ) 2 4 3 - 2 1 1 7 .
•  I f  y o u  h a v e  a n y  q u e s t io n s  r e g a r d in g  y o u r  r ig h ts  as a r esea r ch  su b je c t, y o u  m a y  c o n ta c t  th e  C h a irm a n
o f  th e  In d e p e n d en t B o a rd  th r o u g h  th e  R e se a r c h  O f f ic e  a t the U n iv e r s ity  o f  M o n ta n a  at 2 4 3 - 6 6 7 0 .
SUBJECT'S STATEMENT OF CONSENT
I h a v e  rea d  th e  a b o v e  d e sc r ip t io n  o f  th is  r e sea r ch  s tu d y . I h a v e  b e e n  in fo rm ed  o f  th e  r isk s an d  b e n e f it s  in v o lv e d ,  
a n d  a ll m y  q u e s t io n s  h a v e  b e e n  a n s w e r e d  to  m y  s a t is fa c t io n . F u rth erm o re , I h a v e  b e e n  a ssu r e d  that a m e m b e r  o f  
th e  r e se a r c h  tea m  w il l  a lso  a n s w e r  a n y  fu tu re  q u e s t io n s  I m a y  h a v e . I v o lu n ta r ily  a g r ee  to  ta k e  part. I u n d ersta n d  
I w i l l  r e c e iv e  a  c o p y  o f  th is  c o n s e n t  fo rm .
P r in te d  (T y p e d )  N a m e  o f  S u b je c t
S u b je c t's  S ig n a tu re
Date Approved by UM IR9 ^  -
Approval Expires on f---------
Û.JLA  tRB Chair
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RISK FACTORS SCREENING BATTERY FOR CORONARY HEART DISEASE
N am e_
A g e
Date
Gender P lease answ er questions to the best o f  your kn ow led ge.
I. Has anyone in your iàm iiy (parents, sib lin g s , grandparents, aunts and uncles)
died suddenly o f  unknow n cause? Y es
I fY e s  p lease g ive  relationship, gender, and approxim ate age at death.
Relationship G ender A g e  at death
N o
D oes anyone in your fom ily (parents, s ib lin gs, grandparents, aunts and uncles) 
have known coronary heart d isease  or had a heart attack? Y es
IfY e s  p lease  g ive  relationship, gender, and approxim ate age  at event.
Relationship G ender A g e  at event
N o
Have you ever been diagnosed w ith  h igh  blood pressure?
D o you know w hat your last blood pressure m easurem ent was?_______ /_
Are you on m edication for high b lood  pressure?
IfY e s , w hat m ed ication (s)_______________________________________________
H ave you even  been diagnosed w ith  h igh  cholestero l?
Do you know  w hat your last cholestero l m easurem ents were?
Total LD L  H D L _____
Are you on m edication to control your cholestero l?
I fY e s . what m edication(s)_____________________________________
Do you exercise  (w alk ing  or higher intensity) at least 30  m inutes daily?
D o you sm oke currently or in the past 6 m onths?
I fY e s . how  m any cigarettes per day do you  (or did you) sm ok e?_______
Do you have diabetes?
IfY es , Type I or T ype II and w hat year d iagnosed? _
8. What is your height_
9. What is your waist size?_
^(inches) and w eigh t (lbs)_  
 (in ch es)
Y es
Y es
Yes
Y es
Y es
Yes
Y es
N o
N o
N o
No
N o
N o
N o
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Subject ID#;
Subject Contact Information
Name:
Home Address:
Home Phone =; 
Work Phone #:
E-mail Address;
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Appendix III: 
Data
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ID # G rou p A g e S e x H eight W eig h t D ate
1=pilot 2=healthy 1=m ale
3=risk factor 2= fem ale (cm ) xxx.x (kg) xx.x 04-M ar-00
1A 1 35 1 178 .0 8 1 .8
2A 1 24 2 163 .0 6 3 .2
3A 1 24 1 183 .0 7 0 .5
4A 1 25 1 185.0 9 7 .7
5A 1 23 1 178 .0 8 6 .4
6A 1 48 1 188.0 8 8 .2
7A 1 25 1 167 .0 7 3 .0
8A 1 25 1 180.0 7 0 .5
9A 1 2 4 2 168.0 6 1 .0
1 2 28 2 170.5 79.1 29-Feb-OO
2 2 49 1 186.0 9 1 .9 18 “Apr-00
3 2 22 1 178 .7 80 .8 15-Feb-OO
4 2 22 1 178 .7 7 9 .9 08-F eb -00
5 2 30 2 171.1 66 .4 15-Feb-OO
6 2 32 1 183 .3 7 8 .8 18-Apr-OO
7 2 26 2 161 .4 6 0 .2 07-F eb -00
8 2 20 2 165.0 6 4 .0 14-Mar-OO
9 2 26 1 176 .0 80 .8 22-Feb-OO
10 2 21 2 158 .5 5 0 .7 22-Feb-OO
11 2 21 1 182 .0 8 8 .6 29-Feb-OO
12 2 24 1 182 .0 9 5 .0 26-Apr-OO
13 2 22 1 187 .5 85.1 07-IVIar-00
14 2 27 2 164 .0 59 .8 07-M ar-00
15 2 21 1 174 .5 7 3 .7 08-Apr-00
16 2 22 1 176 .3 81.1 28-Mar-OO
17 2 21 1 170.5 60 .7 05-Apr-00
18 2 21 2 176.0 73 .3 04-Apr-00
19 2 24 1 176.0 84 .0 04-Apr-00
20 2 21 2 171.0 6 5 .7 06-Apr-00
21 2 23 1 183.4 9 6 .4 05-Apr-00
22 2 23 2 164 .5 6 2 .5 06-Apr-00
23 2 21 2 168 .0 54.1 07-Apr-00
2 4 2 22 1 191 .8 10 3 .5 07-Apr-00
2 5 2 24 2 180.0 7 4 .9 07-Apr-00
2 6 2 18 2 166.1 6 2 .7 07-Apr-00
2 7 2 20 1 181.0 7 7 .4 07-Apr-00
28 2 21 2 163.0 52 .5 10-Apr-00
29 2 20 . 2 173 .0 64 .9 11 -Apr-00
30 2 21 2 160 .0 5 4 .3 17-Apr-OO
31 2 30 2 167 .0 61 .4 10-Apr-00
32 2 20 2 160 .3 57 .2 11-Apr-00
33 2 21 1 171 .5 65 .5 11-Apr-00
3 4 2 24 1 170.0 75.1 11-Apr-00
35 2 22 2 161 .5 56 .9 1 2 -Apr-00
36 2 24 1 171 .8 71 .4 18-Apr-OO
37 2 24 1 189 .6 67 .0 18-Apr-00
38 2 22 2 161 .8 51 .3 18-Apr-OO
39 2 21 2 158 .0 5 1 .5 12-Apr-OO
40 2 20 2 172.1 6 9 .7 19-Apr-OO
41 2 22 1 181.6 7 5 .3 12-Apr-OO
4 2 2 21 2 172 .5 6 1 .7 12-Apr-OO
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ID# G rou p A g e  S e x H eight W eig h t D ate
1 =piiot 2=healthy 1=m ale
3=risk factor 2=fem aie (cm ) xxx.x (kg) XXX 04-M ar-00
4 6 2 23 2 171.0 75 .4 13-Apr-OO
4 7 2 22 1 170 .6 69 .6 13-Apr-OO
4 8 2 22 2 159 .3 4 6 .5 13-Apr-OO
4 9 2 44 1 184 .0 81 .8 14-Apr-OO
50 2 21 2 165 .2 65 .3 14-Apr-OO
51 2 24 1 183 .0 83.1 14-Apr-OO
52 2 27 1 175 .5 8 7 .5 21-Apr-00
5 3 2 21 1 186 .5 101.3 18-Apr-OO
5 4 2 2 9 1 174 .2 8 5 .8 01-M ay-00
55 2 20 2 170 .0 7 0 .0 19-Apr-OO
5 6 2 38 1 1 7 1 .7 6 0 .9 19-Apr-OO
5 7 2 33 1 179 .0 7 9 .6 20-Apr-00
5 8 2 22 2 174 .0 73 .4 20-Apr-00
5 9 2 23 1 181 .9 8 5 .3 20-Apr-00
61 2 2 3 1 194 .0 9 3 .3 27-Apr-OO
6 3 2 23 1 180 ,8 76 .2 0 4 -May-00
64 2 23 2 177 .0 7 4 .3 05-M ay-00
101 3 4 9 2 166 .0 59.1 8-Jan-01
1 0 2 3 55 1 175 .0 85.1 8-Jan-01
1 0 3 3 57 1 184.5 8 3 .6 9-Jan-01
104 3 44 2 163 .0 8 4 .9 9-Jan-01
105 3 49 2 162.0 9 0 .7 9-Jan-01
1 0 6 3 4 5 1 187 .0 95.1 10-Jan-01
107 3 4 6 2 161 .0 6 6 .9 11-Jan-01
108 3 52 1 179 .0 8 0 .2 12-Jan*Q1
1 0 9 3 52 2 173 .0 9 6 .9 12-Jan-01
110 3 44 1 182.0 98 .2 13-Jan-01
111 3 45 2 171.0 73 13-Jan-01
112 3 4 9 2 172 .0 85 .7 17-Jan-01
113 3 4 9 2 159 .0 7 3 .3 18-Jan-01
114 3 3 6 2 181.0 58.1 18-Jan-01
115 3 58 1 172.0 9 2 .7 19-Jan-01
116 3 55 1 181 .5 82.1 21-Jan-01
117 3 54 2 172 .0 56.1 21-Jan-01
118 3 38 2 160 .0 7 1 .9 23-Jan-01
119 3 4 7 2 173.5 53 .4 24-Jan-01
120 3 45 2 170.5 58 24-Jan-01
121 3 . 4 8 1 177 .5 138,1 25-Jan-01
122 3 52 1 179 .0 8 7 .2 25-Jan-01
123 3 52 1 179 .0 88 27-Jan-01
124 3 4 9 167 .0 6 7 .7 3-Feb-01
125 3 52 1 178.0 9 2 .2 15-Feb-01
1 2 6 3 56 1 182 .5 8 1 .3 15-Feb-01
127 3 60 1 172 .0 60 .2 15-Feb-01
128 3 4 6 161 .0 77 16-Feb-01
129 3 49 1 181 .0 84 .4 1-Mar-01
130 3 52 1 174 .0 66 .6 2-Mar-01
131 3 57 1 179 .5 8 9 .5 14-Mar-01
132 3 4 3 1 18 3 .5 85.1 4-Apr-01
133 3 54 1 165 .0 7 4 .6 6-Apr-01
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ID #
1A
2A
3A
4A
SA
6A
,7A
8A
9A
1
2
3
4
5
6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
2 3
2 4
2 5
2 6
27
28
2 9
30
31
3 2
3 3
34
35
36
37
38
39
4 0
41
4 2
ParQ
1=C om plete 2=N ot 
C om plete
Informed C on sen t Risk Factor S h eet
1=C om plete 2=N ot 
C om plete
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1=C om plete 2=N ot 
C om plete  
2  
2 
2  
2  
2  
2  
2 
2  
2  
2 
2 
2 
2 
2 
2 
2 
2  
2 
2 
2 
2  
2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2
A ric /B a eck e  A ct.
Q u e s t
1=C om plete 2=N ot 
C om plete  
2 
2 
2 
2 
2 
2 
2 
2 
2
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ID#
4 6
4 7
4 8
4 9
50
51
52
53
54
5 5
56
57
58
59  
61
6 3
64  
101 
102
103
1 0 4
105
106
107
108
109
110 
111 
112
113
1 1 4
1 1 5
1 1 6
117
118
119
120 
121 
122
1 2 3
124
1 2 5
126
127
128
129
130
131
132
133
ParQ
1=C om plete 2=N ot 
C om plete
Informed C on sen t Risk Factor S h ee t
1=C om plete 2 = N o | 
C om plete
1=C om plete 2=N ot 
C om plete  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2
A ric /B a eck e  A ct.
Q u est
1=C om plete 2=N ot 
C om plete  
2
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ID#
P a ffen b a rg er  A ct.
Q u e st A c t Q u e st #3
1A 2 2 1 79
2A 2 2 1 60
3A 2 2 1 71
4 A 2 2 1 7 9
SA 2 2 1 68
6A 2 2 1 64
7A 2 2 1 75
8A 2 2 1 58
9A 2 2 1 75
1 1 2 1 79
2 1 2 1 61
3 1 2 1 62
4 1 2 1 86
5 1 2 1 88
6 1 2 1 76
7 1 2 1 49
8 1 2 1 69
9
10
2
2
1 95. 
1 114
11 1 2 1 92
12 1 2 1 93
13 1 2 1 61
14 1 2 1 80
15 1 2 1 88
16 1 2 1 65
17 1 2 1 78
18 1 2 1 80
19 1 2 1 78
20 1 2 1 64
21 2 1 93
22 1 2 1 72
23 1 2 1 103
2 4 1 2 1 83
25 1 2 1 71
26 1 2 1 95
27 1 2 1 74
28 1 2 1 74
29 2 1 58
30 1 2 1 82
31 1 2 1 52
32 1 2 1 64
33 1 2 1 73
34 1 2 1 86
35 1 2 1 92
36 1 2 1 84
37 1 2 1 65
38 1 2 1 89
39 1 2 1 80
40 1 2 1 74
41 1 2 1 64
4 2 1 2 1 76
T readm ill W alk H Rrest
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ID#
4 6
47
4 8
4 9
50
51
52
53
54
55
56
57
58
59  
61
63
64  
101 
102
103
1 0 4
105
1 0 6
107
108
109
110 
111 
112
113
1 1 4
115
116
117
118
119
120 
121 
122
123
1 2 4
125
126
127
128
129
130
131
132
133
P a ffen b a rg er  A ct.
Q u e st
1=C om plete 2=N ot 
C om plete  
2
A ct Q u est # 3
1=C om plete 2=N ot 
C om plete  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2
T readm ill W alk
1=16 m inute own p a ce  
minute at 2 .8  mph
2=5
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
HRrest
beats/m ln
74
74
6 7  
56  
86
7 5
76  
61 
56
7 3
68
72  
95  
66 
106
77  
102 
52
55  
62
78  
69  
58
74  
64  
81 
76
73  
64  
73
50  
60  
4 8  
62  
84  
72  
66 
7 8  
4 2
56
8 4
56
51 
58  
64
8 5
57  
68 
71
75
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ID# HRIapI HRIap2 HRIap3 HRIap4 L aplT lm e Lap2Time LapSTims
beats/m in beats/m in beats/m in beats/m in se c o n d s se c o n d s se c o n d s
1A 104 103 100 98 231 2 2 0 2 4 2
2A 114 118 115 120 227 2 2 6 2 2 6
3A 100 106 105 106 240 2 4 0 2 4 0
4 A 108 108 108 108 255 241 2 2 3
5A 100 100 100 100 250 234 214
6A 99 98 99 101 240 2 2 5 2 25
7A 88 88 86 88 280 2 5 7 2 5 7
BA 82 85 8 3 86 240 2 4 0 2 40
9A 128 134 131 134 2 1 0 2 1 5 2 1 5
1 113 123 128 138 240 2 4 0 2 4 0
2 119 120 119 120 240 240 240
3 9 0 92 91 9 8 2 4 0 240 240
4 95 91 100 9 7 240 2 4 0 240
5 116 121 121 123 240 2 40 240
6 85 8 5 8 8 87 240 2 40 240
7 78 80 80 84 240 2 4 0 2 4 0
8 105 113 121 126 240 2 4 0 240
9 119 121 128 126 240 2 4 0 2 4 0
10 150 155 158 157 2 4 0  • 2 4 0 2 4 0
11 112 111 111 108 2 4 0 2 4 0 2 4 0
12 112 120 119 119 240 2 4 0 2 4 0
13 99 102 97 101 240 2 4 0 2 4 0
14 120 127 123 122 240 2 4 0 240
15 119 117 117 118 240 2 4 0 2 4 0
16 92 97 89 92 240 2 4 0 240
17 95 98 94 94 240 2 40 240
IS 113 112 113 115 240 2 40 2 4 0
19 109 109 106 108 240 2 4 0 2 4 0
2 0 121 125 123 121 240 2 4 0 240
21 117 120 117 115 240 2 4 0 240
2 2 108 108 108 105 240 2 4 0 2 4 0
2 3 142 140 142 142 240 2 4 0 240
2 4 106 109 109 110 240 240 240
25 98 98 96 98 240 2 4 0 240
2 6 126 129 132 130 240 240 240
2 7 107 111 111 120 240 2 4 0 2 40
28 88 85 91 83 240 240 240
29 98 9 5 9 6 99 240 2 4 0 240
30 130 130 128 128 240 2 4 0 240
31 106 105 107 104 240 240 240
3 2 107 114 114 106 240 240 240
3 3 93 95 9 6 100 240 2 4 0 240
3 4 109 115 106 122 240 2 4 0 240
3 5 109 109 108 110 240 2 4 0 240
36 98 93 96 99 240 2 4 0 240
37 87 93 96 95 240 2 40 240
38 118 124 125 121 240 240 240
39 112 114 119 125 240 240 240
40 95 95 92 90 240 240 240
41 87 85 8 7 8 7 240 2 4 0 240
4 2 121 127 125 118 240 240 240
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ID# HRIapI HRIap2 HRIapS HRIap4 L ap H im e Lap2Tlme Lap3Tim e
beats/m ln beats/m in beats/m in beats/m in seco n d s se c o n d s se c o n d s
4 6 97 102 101 9 7 240 2 4 0 2 4 0
4 7 105 102 101 9 6 240 240 2 4 0
4 8 116 112 117 114 240 2 4 0 2 4 0
49 99 98 101 100 2 40 2 4 0 240
SO 110 108 100 100 2 40 2 4 0 240
51 107 104 110 110 240 2 4 0 240
52 114 112 116 113 2 40 2 4 0 240
53 104 108 110 110 2 40 2 4 0 240
5 4 8 7 88 90 8 8 240 2 4 0 240
55 105 108 106 107 240 2 4 0 2 4 0
5 6 95 97 9 7 9 2 240 2 4 0 2 4 0
5 7 89 91 91 91 240 2 4 0 2 4 0
58 119 112 115 120 240 2 4 0 240
59 108 108 112 109 240 2 4 0 240
61 133 128 130 128 240 2 4 0 2 4 0
6 3 100 105 109 108 240 240 2 4 0
64 116 115 123 113 240 240 2 4 0
101
102
103
1 0 4
105
1 0 6
1 0 7
108
1 09
110 
111 
112
113
1 1 4
115
1 1 6
117
1 1 8
1 1 9
120 
121 
122
1 2 3
1 2 4
125
1 26
1 27
1 28
1 2 9
130
131
132
1 3 3
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ID# Lap4Time S eco n d s lap 2 lap 3 tap 4
S p ee d  m /s S p ee d S p ee d
se c o n d s per 30 revs xxx.x m iles/hr sec /.2 5 m lle
1A 2 3 5 102 .9 3 .84 2 3 4 .4
2A 2 2 8 105 .8 3 .95 22 8 ,0
3A 2 4 0 10 0 .6 3 .7 5 23 9 .9
4A 2 2 6 106 .7 3 .9 8 226.1
5A 2 2 5 107 .2 4 .0 0 22 5 .0
6A 225 107 .2 4 .0 0 2 2 5 .0
7A 2 57 9 3 .8 3.50 257.1
8A 240 100 .6 3 .75 2 3 9 .9
3A 2 16 111 .7 4 .17 2 1 5 .9
1 240 81 .2 9 7 .4 3 .64 2 4 7 .6
2 240 6 7 .3 11 7 .6 4 .3 9 205.1
3 240 118 .0 10 1 .6 3 .79 2 3 7 .4
4 240 99 .0 7 9 .9 2 .98 30 1 .7
S 2 4 0 7 8 .0 10 1 .5 3 .79 23 7 .7
6 240 80 .5 9 8 .3 3 .67 2 4 5 .3
7 240 86 .0 9 2 .0 3 .43 262.1
8 2 4 0 8 4 .0 9 4 .2 3 .52 256 .0
9 2 4 0 74 .0 10 7 .0 3 .99 22 5 .5
10 240 78 .0 101 .5 3 .79 23 7 .7
11 2 4 0 80 .3 9 8 .6 3.68 24 4 .7
12 240 90 .0 8 7 .9 3.28 27 4 .3
13 240 71 .5 110 .7 4 .13 21 7 .9
14 240 82 .0 9 6 .5 3 .60 24 9 .9
IS 240 85 .0 93.1 3 .4 7 2 5 9 .0
16 240 82 .4 96.1 3 .5 8 251.1
17 2 4 0 139.6 5 6 .7 2 .1 2 4 2 5 .4
18 240 81.0 9 7 .7 3 .6 5 2 4 6 .9
19 2 4 0 112.0 8 6 .0 3.21 280 .4
20 2 4 0 76 .2 10 3 .9 3 .88 23 2 .2
21 240 92 .5 8 5 .6 3 .19 28 1 .9
2 2 2 4 0 8 4 .9 9 3 .2 3.48 25 8 .7
23 240 81 .0 0 .00 #DIV/0!
2 4 240 75 .9 104 .3 3 .89 23 1 ,3
2 5 240 95 .5 8 2 .9 3 .0 9 29 1 .0
2 6 240 130 .5 6 0 .6 2 .26 397 .7
2 7 2 4 0 122.1 6 4 .5 2 .4 0 37 4 .2
28 240 100.7 5 6 .3 2.10 42 8 .5
29 2 4 0 91 .0 8 7 .0 3 .25 27 7 .2
30 2 4 0 76 .9 102 .9 3 .84 23 4 .4
31 240 82 .0 9 6 .5 3 .60 2 4 9 .9
32 240 90 .8 8 7 .2 3 .2 5 2 7 6 .7
3 3 2 4 0 9 1 .0 8 7 .0 3 .25 27 7 .3
34 2 4 0 56 .7 97 .8 3 .65 24 6 ,7
35 240 89 .8 88.1 3 .2 9 27 3 .7
36 240 81 .0 9 7 .7 3 .65 2 4 6 .9
37 2 4 0 77 .0 102 .8 3 .84 2 3 4 .7
38 2 4 0 95.0 8 3 .3 3.11 28 9 .5
39 240 80 .8 9 8 .0 3 .6 5 24 6 .2
40 240 87 .0 9 1 .0 3 .3 9 265.1
41 240 95.0 8 3 .3 3.11 28 9 .5
4 2 2 4 0 80 .0 9 8 .9 3 .6 9 2 4 3 .8
HR 4:00 HR 5:00
beats/m in beats/m in
89
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ID# Lap4Time S e c o n d s lap 2 lap 3 lap 4
S p eed  m /s S p eed S p ee d
se c o n d s per 30 revs xxx.x m iles/hr sec /.2 5 m ile
46 2 4 0 108 .0 7 3 .3 2 .73 329.1
47 2 4 0 87.1 9 0 .9 3 .3 9 2 6 5 .4
48 240 9 5 .2 83.1 3 .1 0 290.1
49 240 sm all treadmill 9 8 .2 3 .67 2 4 5 .5
50 240 104 .8 7 5 .5 2 .8 2 31 9 .4
51 2 4 0 8 5 .6 9 2 .5 3 .4 5 2 6 0 .9
52 2 40 90 .0 8 7 .9 3 .28 2 7 4 .3
53 2 4 0 7 7 ,3 102 .4 3 .8 2 2 3 5 .6
54 240 9 1 .0 8 7 ,0 3 .2 5 2 7 7 .3
55 2 4 0 94.1 84,1 3 .1 4 2 8 6 .8
56 2 4 0 8 9 .0 8 8 .9 3 .3 2 2 7 1 .2
57 240 87 .3 9 0 .7 3 .3 8 26 6 .0
58 240 7 9 .2 9 9 .9 3 .73 24 1 .4
59 2 4 0 71 .0 111 .5 4 .1 6 2 1 6 .4
61 240 90 .0 8 7 .9 3 .2 8 2 7 4 .3
63 2 4 0 9 1 .0 8 7 .0 3 .2 5 2 7 7 .3
6 4 240 90 .0 8 7 .9 3 .2 8 2 7 4 .3
HR 4:00 HR 5:00
beats/m in beats/m ln
101 7 4  70
1 0 2  7 3  74
1 0 3  103 103
1 0 4  106 106
105 97  97
1 0 6  7 9  81
1 0 7  9 8  100
1 0 8  86  88
109  101 98
1 1 0  108 113
111 100 92
1 1 2  109  112
1 1 3  88  88
1 1 4  7 9  77
1 1 5  102 101
1 1 6  71 72
1 1 7  9 8  98
118  113 110
119  95  91
120 101 96
121 111 112
1 2 2  66  65
1 23  81 82
1 2 4  90  90
1 2 5  79  85
1 2 6  74  74
1 2 7  8 3  82
1 2 8  104 98
1 2 9  102 103
130  69 67
131 84 83
1 3 2  98 98
1 3 3  92  92
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ID#
R ecovery R ecovery R ecovery Recovery
HR-30 HR-60 HR-90 H R-120
beats/m ln beats/m ln beats/m ln beats/m in
1A 8 0  ■ 80 81 81
2A 93 74 80 71
3A 86 87 81 81
4A 95 85 82 77
5A 90 84 81 75
6A 102 99 85 81
7A 73 70 72 72
SA 68 58 66 56
9A 105 90 84 75
1 121 101 93 91
2 111 94 85 81
3 72 6 6 66 64
4 81 85 80 78
5 97 95 92 85
6 71 69 6 5 69
7 4 9 4 7 4 4 49
8 109 99 87 83
9 118 100 81 87
10 148 133 122 139
11 100 9 5 90 94
12 115 112 97 103
13 54 54 60 56
1 4 106 9 2 83 79
15 94 89 98 97
16 70 74 6 7 66
17 86 74 7 4 76
18 8 3 76 72 75
19 9 7 78 83 84
20 109 88 86 77
21 101 101 104 105
2 2 88 8 2 82 77
2 3 125 115 116 114
2 4 101 8 9 87 87
2 5 82 7 3 68 66
26 118 111 110 107
27 106 86 8 0 91
28 8 6 70 7 0 64
29 6 7 61 61 60
30 100 93 102 92
31 9 7 77 67 92
32 9 7 94 93 89
3 3 67 68 66 61
3 4 95 92 88 89
35 90 77 8 2 87
36 6 8 71 71 71
3 7 91 79 76 75
38 9 8 96 8 9 89
39 76 76 7 8 80
40 71 68 64 63
41 7 5 65 60 72
4 2 90 85 8 6 89
2 n d  T readm ill HR 4:00 HR 5:00
% grade beats/m in beats/m in
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ID#
R ecovery R ecovery R ecovery R ecovery
HR-30 HR-60 HR-90 H R-120 2 n d  T readm ill HR 4:00 HR 5:00
beats/m in beats/m ln beats/m in beats/m in % grade beats/m in beats/m in
46 77 78 81 72
4 7 98 94 8 6 95
4 8 89 83 8 3 81
4 9 77 65 6 8 69
50 88 86 8 5 80
51 7 7 77 7 9 76
52 93 90 9 6 96
53 90 7 2 7 3 77
5 4 70 60 6 0 56
5 5 78 72 7 6 72
56 82 74 7 4 78
57 73 7 2 7 6 79
58 90 89 7 8 82
59 89 7 7 80 76
61 110 105 105 106
63 79 75 7 9 77
6 4 108 104 9 7 90
101 57 54 51 52 24 113 113
1 0 2 63 60 61 58 15 104 100
103 77 75 6 6 71 12 128 128
1 0 4 83 78 79 76 3 119 120
105 77 70 6 6 66 6 116 116
106 61 73 6 0 56 10 117 113
107 78 7 5 7 2 75 6 119 120
108 7 0 69 77 80 5 .5 97 9 5
109 93 88 8 8 85 5 116 118
110 102 99 9 0 86 6 124 125
111 77 69 7 8 75 6 117 115
1 1 2 103 95 9 2 91 4 126 130
1 1 3 84 80 7 4 72 10 113 115
1 1 4 63 53 52 56 14 109 106
115 95 8 7 8 6 87 8 135 135
116 57 6 0 60 57 14 114 114
117 85 77 8 0 81 10 127 130
118 104 94 102 101 7 137 134
119 79 84 8 0 77 15 127 124
120 65 65 6 5 62 10 125 125
121 104 103 9 5 9 6 7 125 125
1 2 2 50 4 7 51 50 14 107 107
1 2 3 76 69 6 6 70 16 110 112
1 2 4 80 76 7 5 76 10 128 130
125 64 57 62 63 8 130 130
126 63 5 9 57 59 10 104 106
127 69 61 6 2 62 7 95 94
1 2 8 83 83 7 4 74 7 120 121
1 2 9 95 92 91 92 10 135 135
130 59 53 56 55 10 89 89
131 80 81 7 9 80 10 108 108
132 85 86 7 5 80 12 124 124
1 3 3 73 68 6 7 71 13 127 126
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ID # SBP
mmHg
1A
2A
3A
4A
SA
SA
7A
SA
9A
1
2
3
4
5
6 
7 
S
9
10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
S tep R esting HR HR-3;00
R ecovery HR R ecovery HR R ecovery H 
30 60 90
height
(Inches) beats/m in beats/m ln beats/m in beats/m in beats/m in
18 79 125 108 98 9 3
18 72 152 100 98 71
18 74 114 111 79 7 6
18 79 113 105 79 81
13 68 112 100 71 80
18 64 113 110 89 8 4
18 73 103 85 7 9 77
18 59 109 81 68 6 3
18 8 3 151 131 108 9 9
18 87 179 156 143 129
18 75 142 124 105 97
18 59 133 116 106 90
18 71 148 126 100 91
18 88 158 136 113 90
18 69 127 119 88 76
18 57 129 89 58 50
18 9 3 193 149 133 123
18 68 162 148 122 109
18 111 179 160 138 140
18 75 165 147 123 117
18 95 174 165 141 128
18 68 132 89 64 56
18 82 170 156 135 119
18 83 165 153 116 107
18 6 5 131 108 85 80
18 78 160 133 110 91
18 63 165 146 127 108
18 86 164 142 119 109
18 62 172 151 125 109
18 103 181 173 152 133
18 71 151 115 92 7 9
18 9 0 182 158 133 128
18 73 141 120 104 98
18 74 156 133 111 88
18 86 169 161 133 119
18 73 156 121 104 9 9
18 57 140 139 80 73
18 55 146 111 82 66
18 70 170 1 5 5 128 119
18 50 153 119 64 58
18 68 161 149 119 109
18 4 8 119 88 53 53
18 87 145 132 111 95
18 82 161 130 106 102
18 79 106 105 88 89
18 78 141 123 97 86
18 75 121 134 106 97
18 78 184 156 115 116
18 69 150 116 81 76
18 66 128 78 68 59
18 73 173 130 85 85
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ID # SB P S te p R esting HR H R-3:00
R ecovery HR R ecovery HR- R ecovery H 
30  6 0  90
mmHg
height
(Inches) beats/m in beats/m in beats/m in beats/m in beats/m in
4 6 18 79 157 132 . 107 96
4 7 18 72 173 158 116 87
4 8 18 67 169 136 114 84
4 9 18 55 149 125 109 81
50 18 79 174 131 125 114
51 18 64 148 117 9 5 89
52 18 79 164 143 126 119
53 18 59 150 136 106 90
5 4 18 52 124 104 7 7 7 6
55 18 76 177 160 139 125
56 18 79 147 125 108 103
57 18 71 130 96 87 74
58 18 86 163 133 112 104
59 18 77 152 125 108 97
61 18 94 187 167 155 142
6 3 18 77 149 117 103 96
6 4 18 98 172 163 150 126
101 121 .5 8 55 89 76 57 55
1 0 2 133.S 8 65 89 74 63 62
1 0 3 131 .25 8 59 106 83 65 65
1 0 4 1 2 2 .6 7 8 74 133 104 9 3 92
105 129 8 7 9 123 104 8 8 82
106 117 .3 8 53 108 79 6 4 62
107 108 .5 8 54 115 83 68 68
108 130 .25 8 5 9 100 74 72 59
109 139 8 8 2 120 101 88 85
110 118 .75 8 81 119 94 83 82
111 133 8 71 135 104 92 84
112 12 9 .5 8 64 129 114 100 88
1 1 3 13 4 .3 8 63 108 97 90 77
1 1 4 115 8 50 91 61 52 53
115 167 .5 8 60 108 95 8 3 77
116 148 8 50 77 56 4 8 54
117 128.5 8 62 120 82 72 70
118 109 8 84 129 115 102 96
119 139 8 67 102 76 70 70
120 136 .5 8 64 118 74 72 66
121 161 .3 8 79 125 120 83 83
122 115 8 42 81 52 44 46
123 19 0 .5 8 54 76 69 56 59
1 2 4 123 8 66 102 82 71 65
1 2 5 124.5 8 56 98 74 72 60
1 2 6 136 8 51 87 66 61 58
127 121 .5 8 53 9 5 74 67 60
1 2 8 136 8 64 117 93 76 72
1 2 9 8 71 117 92 84 80
130 8 57 80 66 55 59
131 8 68 95 80 6 5 73
132 8 71 111 85 7 6 77
133 8 75 108 82 70 68
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ID#
R ecovery HR
120 B ike
1 = 2kg @  SORpm
HRrest HR-5 min RPE-Smln HR-5;50
beats/rnin 2 = 1 .5kg @  50  Rpm beats/m in beats/m in 6-20  sca le beats/m in
1A 86 1 79 125 125
2A 73 1 57 15 7 .5 157 .5
3A 76 1 71 106 .5 106 .5
4A 79 1 7 6 108 108
SA 73 1 73 108.5 10 8 .5
6A 83 1 64 104 104
7A 79 1 68 107.5 107 .5
8A 57 1 5 5 100 .5 100 .5
9A 95 1 78 15 7 .5 157 .5
1 118 1 99 165 12 156
2 93 1 90 111 10 110
3 69 1 55 108 10 104
4 91 1 80 103 10 105
5 86 1 88 120 11 122
6 76 1 75 99 9 101
7 49 1 41 102 11 103
8 112 1 83 162 9 167
9 97 1 86 141 10 136
10 128 1 97 181 14 182
11 104 1 95 128 10 127
12 125 1 87 160 7 153
13 55 1 58 98 10 9 8
1 4 108 1 85 157 13 158
1 5 105 1 78 136 11 137
15 79 1 72 108 11 115
17 81 1 72 133 11 135
18 103 1 76 137 14 137
19 108 1 94 128 11 128
20 89 1 64 131 11 130
21 126 1 99 140 10 137
2 2 75 1 74 121 10 119
23 122 1 80 152 10 160
2 4 94 1 72 104 10 102
25 78 1 65 127 11 123
26 109 1 7 3 141 11 146
27 86 1 74 114 10 111
28 68 1 51 131 10 131
29 49 1 48 111 10 116
30 118 1 61 157 13 157
31 58 1 50 127 12 123
3 2 93 1 72 129 13 127
33 54 1 54 106 11 113
34 104 1 84 116 11 121
3 5 100 1 77 149 13 152
36 76 1 67 110 12 113
37 85 1 78 141 11 147
38 92 1 87 168 13 167
39 115 1 65 158 12 159
40 69 1 67 123 12 124
41 71 1 62 108 8 9 9
4 2 72 1 81 142 13 136
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ID #
R ecovery HR
120 B ike HRrest HR-5 min RPE-5m in HR-5:50
1= 2kg @  SORpm
beats/m in 2 = 1 .5kg @  50 Rpm beats/m in beats/m in 6-20  sca le beats/m in
4 6 89 1 65 140 15 140
4 7 91 1 73 135 12 148
48 84 1 61 162 13 162
49 62 1 57 113 13 109
50 110 1 82 131 9 132
51 82 1 64 121 9 120
52 102 1 7 2 114 7 113
53 64 1 61 103 8 103
54 63 1 58 99 7 100
55 118 1 108 162 11 155
56 92 1 89 129 13 132
57 77 1 72 104 10 100
58 102 1 92 139 10 1 38
59 95 1 76 115 7 1 16
61 134 1 78 136 8 135
63 91 1 79 125 8 124
64 109 1 90 130 9 134
101 54 2 55
1 02 64 2 56
103 60 2 8 9
1 0 4 85 2 74
1 0 5 77 2 69
106 59 2 53
107 54 2 68
108 71 2 64
109 82 2 81
110 7 6 2 78
111 77 2 74
112 84 2 74
113 74 2 72
1 1 4 53 2 52
115 77 2 64
116 49 2 48
117 64 2 64
118 98 2 89
119 72 2 67
120 69 2 62
121 85 2 83
122 44 2 42
123 60 2 56
1 2 4 66 2 78
1 2 5 68 2 56
126 59 2 51
127 62 2 61
1 28 70 2 71
1 29 7 5 2 71
130 61 2 53
131 72 2 68
1 3 2 92 2 76
133 69 2 68
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R ecovery R ecovery R ecovery R ecovery  
'D # HR-4 min RPE-4m in H R-4:50 H R-30 HR-60 HR-90 H R-120
beats/m in 6 -20  S c a le  beats/m in beats/m in beats/m in beats/m in beats/m in
1A 111 104 95 90
2A 137 114 107 9 3
3A 93 71 73 81
4A 94 84 83 79
SA 91 78 76 63
6A 88 7 8 7 8 72
7A 88 79 7 8 77
8A 91 70 72 66
SA 130 113 105 97
1 135 120 112 105
2 113 96 96 98
3 87 65 58 66
4 81 72 70 89
5 103 102 89 90
6 97 86 79 71
7 67 54 50 54
S 136 123 119 117
9 121 96 87 90
10 178 162 144 137
11 102 98 9 5 94
12 123 118 94 111
1 3 87 58 55 S3
14 134 122 117 102
15 113 98 9 9 94
1 6 86 73 72 7 3
17 100 96 92 90
18 129 101 91 87
19 121 100 93 9 2
20 105 85 75 7 3
21 123 115 103 107
2 2 9 3 93 8 6 85
2 3 133 119 112 1 12
2 4 88 75 72 7 0
25 106 97 82 80
26 121 107 106 104
27 76 85 77 76
28 98 69 60 56
29 7 8 68 54 4 8
30 133 127 109 107
31 9 5 77 71 6 3
32 114 93 87 86
3 3 86 65 66 55
3 4 106 101 100 86
35 128 112 94 98
3 6 91 81 76 76
3 7 123 102 93 88
38 151 122 107 112
39 114 113 92 96
4 0 82 74 71 71
41 82 79 83 7 3
4 2 112 112 95 71
97
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ID#
R ecovery Recovery R ecovery R ecovery
HR-4 min RPE-4mln HR-4:50 HR-30 HR-60 HR-90 H R-120
beats/m in 6-20 S ca le beats/m in beats/m in beats/m in beats/m in beats/m in
4 6 115 107 95 90
4 7 124 94 93 95
4 8 135 118 102 91
4 9 9 0 78 70 71.
SO 108 112 113 94
51 8 5 76 81 73
5 2 91 90 87 91
5 3 81 70 6 9 71
5 4 81 61 59 57
55 129 108 103 108
56 117 110 102 93
57 79 72 7 2 76
58 113 99 99 100
59 9 7 91 85 86
61 132 124 107 108
6 3 too 87 8 8 78
6 4 9 8 107 108 102
101 93 8 9 4 6 5 55 56 56
1 0 2 90 10 91 7 9 72 7 0 72
1 0 3 118 11 115 101 98 94 9 5
1 0 4 127 12 127 102 90 88 85
1 0 5 100 13 9 9 8 3 73 72 71
1 0 6 98 9 97 76 75 6 9 61
1 0 7 133 12 131 96 86 82 7 6
1 0 8 99 11 8 8 74 72 75 71
109 114 10 117 101 91 89 89
110 111 10 114 95 97 86 8 2
111 133 13 139 102 97 93 90
1 1 2 129 13 132 113 97 89 86
1 1 3 124 19 124 100 94 9 2 82
1 1 4 97 9 102 59 53 55 57
115 114 11 115 100 92 8 7 81
1 1 6 78 9 80 59 52 51 SO
1 1 7 125 11 125  ’ 81 78 72 71
118 135 10 138 123 113 107 107
119 109 11 106 79 73 75 73
120 124 12 128 102 94 89 84
121 113 8 108 93 89 87 88
122 74 11 75 52 4 9 52 51
1 2 3 89 7 8 2 64 62 59 56
1 2 4 112 11 112 82 73 7 2 72
1 2 5 104 9 110 98 86 85 85
126 90 6 8 2 63 55 58 60
127 98 12 95 71 61 57 51
128 121 12 123 95 91 83 80
129 110 8 108 9 7 90 85 85
130 82 9 81 61 55 55 53
131 91 9 9 3 74 71 74 74
132 97 8 99 77 7 9 78 76
1 3 3 105 9 105 7 5 68 68 72
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ID# 2nd Bike Kg RPM W atts HR AVG SB P
X X  XX XXX beats/m in mmHg post 0 2  post C 0 2
1A 15 .28  5 .17
2A 15.31 5 .19
3A 15 .26  5 .20
4A 15 .42  5 .18
5A 15 .36  5 .19
6A 15.32  5 .19
7A 15 .24  5.21
8A 15 .27  5 .17
9A 15 .42  5 .18
1 1 5 .2 9  5 .19
2 15 .35  5 .19
3 15 .3 9  5 ,20
4 15 .34  5 .22
5 15 .30  5 .19
6 15 .40  5 .19
7 15 .34  5 .19
8 15 .39  5 .19
9 15 .28  5 .18
10 15 .36  5.21
11 15 .25  5 .18
1 2 15 .0 7  5 .17
13 15 .00  5 .19
1 4 15 .38  5 .22
15 15 .04  5 .1 7
16 1 5 .2 7  5 .20
17 15 .22  5 .20
18 15 .33  5 .22
19 15 .29  5 .15
20 15.41 5 .17
21 15 .23  5 .23
22 15.31 5 .22
2 3 15 .32  5 .20
2 4 15.31 5 .18
2 5 15 .37  5 .18
26 15 .34  5 .17
2 7 15 .30  5 .17
28 15 .35  5 .22
29 1 5 .3 0  5 .28
30 15 .54  5 .18
31 1 5 .1 8  5 .30
32 15 .3 6  5 .20
33 15 .1 4  5 .17
34 15 .3 5  5 ,1 9
35 15 .5 0  5 .22
36 15 .38  5 .20
37 15 .2 6  5 .19
38 15 .26  5 .18
39 1 5 .4 4  5.21
40 15 .40  5.17
41 15 .4 6  5 .16
42 15 .34 5 .14
VT T est
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ID# 2nd Bike Kg RPM W atts HR AVG SB P VT T est
X.X XX XXX beats/m in mmHg p ost 02 post C 0 2
46 15 .48 5 .17
47 15 .39 5.20
48 15 .53 5 .14
49 15.62 5.21
50 15 .49 5.21
51 15 .49 5.16
52 15.44 5.19
53 15 .52 5.15
54 15.43 5.19
55 15.08 5.16
56 15.08 5.16
57 15.05 5.14
58 15 .13 5.18
59
61 15.20 5 .18
63 15 .12 5 .15
64 15.10 5.14
101 2 60 120 108 140 .5 15 .15 5.2
102 2 60 120 107 130.5 18 .62 2 .14
103 1.681 70 117 .67 128 137 15 .12 5.2
104 1 .2766 50 63 .8 3 122 140 15.1 5.17
105 2 60 120 120 139.5 15 .12 5 .18
106 1.5 80 120 117 138,5 15 .12 5.2
107 1 60 60 117 126 .25 15 .18 5.2
103 2 100 200 130 137 15 .15 5.21
109 2 56 112 134 164 15.14 5.16
110 1.5 62 93 125 166 15.12 5.15
111 1 56 56 124 151 .75 15.13 5 .18
112 1 60 60 125 148 .7 15 .13 5.18
113 1.5 SO 75 124 168 .7 15 .12 5 .17
114 .1.5 72 108 112 143 .75 15.14 5 .29
115 1.5 70 105 135 162.7 15 .13 5 .18
116 2 83 166 113 154 .25 15.14 5.2
117 1 83 83 140 125 17.91 3.18
118 1.5 70 105 155 135 .5 15.14 5.18
119 1.5 7 0 105 125 144 .6 15.1 5.18
120 2 65 130 142 151.7 15.07 5.2
121 2 60 120 127 174.5 15 .09 5.22
122 2.5 60 150 110 140 15.19 5.18
123 2 71 142 115 196 15 .05 5.15
124 1.5 60 90 128 135 .5 15 .08 5.17
125 1.5 70 105 127 141 15 .06 5 .1 7
126 2 60 120 107 163 15.13 5.18
127 1.5 70 105 110 125 .5 15 ,07 5.16
128 1.5 70 105 140 153.5 15 .12 5.17
1 2 9 2 50 100 122 15 ,05 5.22
130 2 50 100 90 15 .03 5 .25
131 2 50 100 103 14 .99 5.2
132 2 70 140 118 15.14 5.15
133 2 60 120 122 15.1 5 .14
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ID# H R a tV T RPE at VT TIME V 02vf confidence Pool RER at VT
1=Very Sure 1=norma(
beats/m in 6-20  sca le decim al x.xx It/mi n 3=R eject 2=validation x.xx
1A 136 13 2 .7 5 1 1.02
2A 148 13 2 .1 3 1 0 .94
3A 141 13 2 .7 6 1 0 .8 9
4A 156 13 4 ,1 0 1 0 .39
5A 125 10 4 .00 1 0 .94
GA 143 13 2 .5 0 1 0 .8 2
7A 126 14 2 .5 0 1 0 .9 2
8A 114 12 2 .2 2 1 0 .8 6
9A 167 14 1.73 1 0 .93
1 124 11 3 .2 5 1.21 1 1 0 .89
2 126 12 11 .78 2 .4 2 1 1 0 .88
3 127 11 12.00 2 .18 1 1 0.91
4 123 13 10 .75 1 .92 1 1 0 .9 0
5 137 13 9 .00 1.66 3 0 .9 2
6 107 12 11 .03 1.89 1 1 0 .93
7 133 12 13 .00 1.7 2 0 .93
8 171 11 10 .00 1.54 2 0 .95
9 127  . 10 6 .2 6 1.55 1 1 0 .83
10 143 11 4 .3 0 0 .9 5 2 1 0.90
11 122 11 7.01 1 .75 2 1 0 .88
12 166 12 15 .77 3.18 1 1 0.93
13 166 15 20 .00 4 .0 3 1 1 0 .88
1 4 136 13 8 .75 1.45 3 0.91
15 3
16 129 13 12.03 2.3 1 1 0 .94
17 138 13 11 .27 1.79 1 1 0 .96
18 129 11 7 .79 1 .57 1 1 0 .8 8
19 159 13 12.51 2 .4 5 1 1 0.91
2 0 147 14 10 .25 1.52 1 1 0 .9 2
21 164 13 12 ,26 2 .4 1 1 0 .87
2 2 129 12 7 .7 6 1.37 1 1 0.94
23 141 9 6 .50 1.02 1 1 0.91
2 4 133 17 13.01 2 .7 1 1 0 .95
25 3
26 161 10 10.01 1.44 1 1 0 .88
27 137 13 10 .5 0 2 .24 3 0 .93
28 147 15 13 .50 1.49 1 1 0 .9 4
29 133 13 12 .27 1.69 1 1 0 .92
30 121 10 7 .2 5 1.09 1 1 0 .88
31 139 17 13 .77 1.75 1 1 0 .87
32 113 11 6 .0 3 1.13 1 1 0 .88
33 128 14 15 .04 2 .4 2 1 0 .84
3 4 136 16 10 .77 1.97 1 1 0 .9 5
35 137 14 8 .7 8 1.29 1 1 0 .90
3 6 109 11 9 .7 8 1.67 1 1 0 .8 9
37 144 13 13 .53 1.97 1 1 0.91
38 162 13 10 .00 1.34 3 0 .9 3
39 3
40 113 12 8.51 1.57 1 1 0.91
41 127 15 12 .75 2 .3 6 1 1 0 .92
4 2 148 16 10 .75 1.6 1 1 0 .9 3
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ID# H R a tV T RPE at VT TIME V 0 2 v t confidence Pool RER at VT
l=V ery  Sure 1=normal
beats/m in 6*20 sc a le decim al x.xx It/min 3=R eject 2=validation x.xx
4 6 132 12 9 .0 3 1.68 3 1 0 .98
4 7 147 15 1 1 .7 6 1.89 3 1 0 .97
48 140 12 9 .0 0 1.03 1 1 0 .92
49 3
50 118 9 4 .2 7 0 .9 6 1 1 0.94
51 141 13 11.51 2 .22 1 1 0 .89
52 116 12 5 .7 5 1.59 1 1 0.91
S3 133 10 12.01 2 .58 1 1.03
5 4 3
5 5 170 13 10 .76 1.98 1 1 0.88
56 130 14 11 .0 4 1.84 1 1 0.88
57 137 12 14 .2 7 2 .66 1 1 0.91
58 3
59 1
61 173 16 13 .25 2 .84 1 1 0.91
6 3 163 16 16.51 2 .93 1 1 0 .85
64 180 14 15 .26 2 .6 3 1 1 0.91
101 3
1 0 2 137 12 14.01 3.1 2 1 0 .88
1 0 3 130 13 9 .7 7 2 .5 9 1 1 0 .83
1 0 4 3
105 149 14 8 .5 2 2 .5 5  • 2 1 0.87
106 130 12 5 .2 7 2.6 2 1 0 ,85
107 143 11 10 .25 1.75 3 0.88
108 135 15 11 2.81 1 1 0.91
109 124 12 5 .5 3 1.96 2 1 0.79
110 132 13 8 .7 7 2 .5 5 1 1 0.87
111 126 13 5 .23 1,32 2.0 1 0.91
112 143 13 7 .0 6 1.76 1 1 0 .86
113 114 15 8 .5 2 1 .75 1 1 0 .9
1 14 144 14 8 .0 4 2 .5 1 1 0 .94
115 122 13 4 .5 2 1.74 1 1 0 .8
116 132 16 7 .2 9 2.82 1 1 0 .86
117 155 16 16 .25 2 .18 2 0 .83
118 135 11 9 .2 8 1.66 1 1 0 .87
1 19 130 14 8 .5 2 1.87 1 1 0.88
120 152 13 10 .75 1.84 2 1 0.34
121 125 9 4 .0 2 2 .64 1 1 0.84
122 110 13 2 .2 6 2 .3 6 2 1 0 .78
123 117 15 7 .7 5 3 .44 2 1 0.91
1 2 4 135 13 3 .7 5 1.57 2 1 0.83
125 145 16 1 0 .2 7 2 .67 3 0 .8 8
1 2 6 135 13 1 2 .0 5 2 .8 2 1 0.84
127 128 15 13 ,2 7 2 .23 1 1 0.89
128 134 12 6 1.89 1 1 0 .85
129 149 11 10 .5 2.82 1 1 0.91
130 120 14 14 .5 2 .56 1 1 0 .9
131 122 15 10 .0 2 2 .56 1 1 0 .9
1 3 2 153 15 17 .0 3 3 .56 2 2 0.91
133 139 15 13 2 .2 4 1 1 0 .93
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ID# V 0 2 v t CART T ech Pick
ml/kg/min L/min L/min
1A 33.61
2A 3 3 .6 3
3A 3 9 .1 5
4A 4 1 .9 7
SA 4 6 .3 0
GA 2 8 .3 5
7 A 3 4 .2 5
GA 3 1 .4 9
9A 2 8 .3 6
1 15 .30 1.09 1.2
2 2 6 .3 3 2 .37
3 2 6 .9 8 2 .2 3 2 .4
4 2 4 .0 5 2 .72 1 .89
5 2 4 .9 6 2 .46 2 .2 4
6 24 .0 0 1.81
7 2 8 .2 6 1.41 1.75
8 2 4 .0 5 2 .0 9
9 19 .20 1.65
10 18 .76 0 .5 0 .8 9
11 19 .75 1.82
12 3 3 .4 7 3 .17 3 .1 7
13 4 7 .3 6 3.91 4
1 4 2 4 .2 5 2 .06 1.06
15 0 .00 1.06 1.57
1 6 28 .3 6 2 .3 6 2 .4 9
17 29 .4 9 0 .6 1.7
18 2 1 .4 3 1.62 1.62
19 2 9 .1 3 2 .1 9 2 .3 6
20 23 .1 4 1.47 1 .5
21 24.91 1.99 2 .25
22 2 1 .9 2 1.51 1.21
23 18 .72 1.08 0 .9 9
2 4 2 6 .0 9 2 .7 3 2 .73
25 0 .00 2 .35 1.45
2 6 22 .9 8 1.44 1.09
27 28 .9 4 2 .8 2 1 .65
23 28.41 1.78 1.55
29 2 6 .0 6 1.77 1 .65
30 2 0 .0 9 1.81 1.14
31 28 .5 0 1.86 1 .05
32 19 .76 1 .05
33 3 6 .6 4 2 .4 2.4
3 4 26 .2 5 1.57
35 2 2 .6 9 1,16 1 .48
36 2 3 .3 9 1.69 2 .1 2
37 29 .40 0 .87 2 .0 2
38 26 .1 5 1.84 1.47
3 9 0 .00 1.61 1.48
40 22 .5 4 1.61 1.49
41 3 1 .3 6 3.07 2 .4 7
4 2 25 .9 3 1.5 1.25
EKG
normal
EKG
a t r  e c t o
EKG
v e n  e c t o
EKG
S t  e i e v
103
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ID# V 0 2 v t CART T ech  Pick EKG EKG EKG EKG
ml/kg/min L/min L/min normal atr_ecta ven _ecto st_ e lev
4 6 11 .20 0 .8 1.52
47 2 7 .1 7 0 .79 1.5
48 2 2 .1 7 0.21 0 .72
4 9 0 .0 0 1.18 1.41
50 14 .70 0 .4 2 0 .98
51 26.71 0 .7 9 1.26
52 18 .17 1 .09 2 .0 9
53 2 5 .4 8 2 .7 8
5 4 0 .00 2.11 1.94
55 2 8 .2 9 1 .89 2.41
56 30.21 1.82 2 .0 8
57 3 3 .4 2 2.71 2 .8 9
58 0.00 2 .76 2.57
59 0 .0 0
61 30 .44 2 .84 1.65
63 38 .4 8 4 .2 9 3 .6 8
64 35 .4 0 2 .4 3 2 .4 3
101 0 2 .1 8 2 0 1 0 0
102 36 .4277321 3 .3 7 3 .2 4 0 1 0 0
103 3 0 .9 8 0 8 6 1 2 2 .76 2 .7 6 0 0 0 0
1 0 4 0 1.65 1.65 0 0 1 0
105 2 8 .1 1 4 6 6 3 7 2 .97 2 .5 5 0 0 1 0
106 2 7 .3 3 9 6 4 2 5 2 .65 2 .6 5 0 0 0 0
107 2 6 .1 5 8 4 4 5 4 1.82 1.82 0 0 0 0
108 3 5 .0 3 7 4 0 6 5 2.71 2 .93 1 0 0 0
109 2 0 .2 2 7 0 3 8 2 1.95 1.95 0 0 1 0
110 2 5 .9 6 7 4 1 3 4 3 .35 2 .36 1 0 0 0
111 1 8 .0 8 2 1 9 1 8 1.61 1.02 0 0 0 0
1 1 2 2 0 .5 367561 1.65 1.73 0 0 1 0
1 1 3 2 3 .8 7 4 4 8 8 4 1.61 1.69 0 0 1 0
1 1 4 4 3 .0 2 9 2 5 9 9 2 .9 6 2 .76 0 0 1 0
115 1 8 .7 7 0 2 2 6 5 1.92 1 .77 0 0 1 0
116 3 4 .3 4 8 3 5 5 7 3 .75 2 .85 0 0 0 0
117 3 8 .8 5 9 1 8 2 .22 2 .22 0 0 1 0
118 2 3 .0 3 7 6 2 1 7 1.71 1.71 0 0 0 0
119 3 5 .0 1 8 7 2 6 6 1.92 1 .92 0 0 1 0
120 3 1 ,7 2 4 1 3 7 9 1.9 1.72 1 0 0 0
121 1 9 .1 1 6 5 8 2 2 2 .97 2 .3 9 0 0 0 0
122 2 7 .0 6 4 2 2 0 2 4 .0 5 3 .05 0 1 1 0
1 2 3 39 .0909091 2 .8 2 .8 0 1 1 0
1 2 4 2 3 .1 9 0 5 4 6 5 2 .3 1.6 0 0 0 0
125 2 8 .9 5 8 7 8 5 2 3 .2 2 .6 1 0 0 0
1 2 6 3 4 .4 4 0 3 4 4 4 0 .0 2 2 .7 4 1 0 0 0
1 2 7 3 7 .0 4 3 1 8 9 4 2.17 2 .1 7 1 0 0 0
128 2 4 .5 4 5 4 5 4 5 2.04 1.92 0 0 0 0
129 3 3 .4 1 2 3 2 2 3 3.28 2 .3 9 0 0 0 0
130 3 8 .4 3 8 4 3 8 4 2 .55 2 .55 0 0 0 0
131 2 8 .6 0 3 3 5 2 2 .42 2 .42 0 0 1 0
1 3 2 4 1 .8 3 3 1 3 7 5 3 .53 3 .53 0 0 1 0
1 3 3 3 0 .0 2 6 8 0 9 7 2 .17 2 .17 0 0 1 0
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ID# EKG EKG
s t _ d e p  t  w a v e
1A
2A
3A
4A
SA
GA
7A
8A
9A
1
2
3
4
5
6
7
8
9
10  
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37  
33  
33
40
41
4 2
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ID# EKG EKG
s t _ d e p  t _ w a v e
4 6
4 7  
4 3
4 9
50
51
5 2
53
54
55
56
57  
56  
59  
61
63
6 4
101 1 0
102 0 1
1 0 3  1 0
1 0 4  1 1
105  0  0
106  1 1
107  1 0
108  0 0
109  0  0
110 0 0
111 1 0
112 0 0
113  1 1
1 1 4  0  0
1 1 5  0  0
1 1 6  1 0
1 1 7  0  1
118  1 0
119  0 1
120 0 0
121 1 0
122 0 1
123  0 0
1 2 4  1 1
1 2 5  0 0
1 2 6  0 0
127 0  0
128  1 0
129  1 1
130 1 0
131 0  1
132  0  0
1 3 3  0  1
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DaCa Sec Name: Bike A all Observations ; 55
The MEANS Procedure
Variable Label Mean Std Dev
f f f f f f j f . f f f f i f î i f i S f f f f f f f y f f f f f f f f f f . f i f f f S f f î i f f f f f
PIO PID 25.05 20.11
Age Age 24.47 6.04
Sex Sex 1.40 0.49
Height Height 174.81 8.81
Weight Weight 73.85 13.58
BMI BMI 23 .98 2.74
KR_resc HR_rest 69.24 10.60
HR Ex HR~Ex 127.54 20.43
HR30 HR30 106.69 20.62
HR60 HRSQ 93.04 20.51
HR90 HR90 07.96 17.36
HR120 HR120 84.96 17.33
HR_d30 HR_d30 20.85 9.22
HR d60 HR~d60 33.70 10.72
HR d90 HR~d90 39.57 12.73
HR_dl20 HR~dl20 42.57 13.77
HR_p30 HR~p30 0.38 o.ia
HRj)60 HR~pfiO 0.61 0.19
HR_p90 HR p90 0.70 0.17
HR pl20 HR^pl20 0.75 0.17
V02vt V02vt 2.06 0.74
CONFID CONFID 1.15 0.47
POOL POOL 1.00 0.00
vo2vt kg V02vt kg 27.30 7.35
RPE RPE 10.67 1.87
F34 F34
Analysis of Variance 
Sum of Mean
Source OF Squares Square F Value
Model 3 16.37536 5.62512 23 .30
Error 51 12.30987 0.24137
Corrected Total .54 29.18523
Parameter Standard
Variable Estimate Error Type II SS F Value Pr > F
Intercept -4.74595 1.88681 1.52711 6.33 0.0151
Height 0.02770 0.01381 0.97082 4.02 0.0502
Weight 0.01849 0.00886 1.05202 4.36 0.0418
HR_p60 0.97895 0.37210 1.67061 6.92 0.0112
Bounds on condition numbe r; 3.312, 22.977
Dependent Variable ; V02vt V02vt
Pr > F
Summary of Stepwise Selection
Step
Variable
Entered
Variable
Removed Label
Number 
Vars In
Partial
R-Square
Model
R-Square C(p) F Value Pr > F
1 Height
2 HR_p6Q
3 Weight
Height
HR_p60
Weight
0.4818
0.0604
0.0360
0.4813
0.5422
0.5782
5.2964
0.7345
-1.1812
49.27 <.0001
6.86 0.0115
4.36 0.0418
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:: Bike A Male Observations ;
The MEANS Procedure
Variable Label Mean Std Dev
i S f S f f f i f f f î f î j i î î î i î f f f f f f f f f f f f f f f
PIO PID 23.68 21.64
Age Age 26.09 7.08
Sex Sex 1.00 0.00
Height Height 179.90 6.70
Weight Weight 81.21 11.13
SKI BMI 25.03 2 . 63
HR_rest HR rest 69.45 9.41
HR~EX HR Ex 117.39 15.51
HR30 HR30 99.45 15,78
HR60 HR60 86.76 16.61
HR90 HR90 82.97 13.06
HR120 HR120 81.57 14.36
HR d30 HR_d30 17.94 8.52
HR~d60 HR~d60 30.64 9,50
HR~d9Q HR~d90 34.42 10.38
HR~dl20 HR~dl20 35.73 10.15
Hr3>30 HR~p30 0.39 0.18
HR p60 HR]p60 0.66 0.20
HR p90 HR_p90 0.73 0.17
HR_pl2Q HR pl20 0.76 0.13
V02vt VOZvt 2.43 0.66
CONFID CONFID 1.15 0.46
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 30.04 7.00
RPE RPE 9.87 1.56
F34 F34
33
Analysis of Variance
Sum of Mean
Source OF Squares Square F Value
Model 3 4.71073 1.57024 4.96
Error 29 9.17163 0.31625
Corrected Total 32 13.88236
Parameter Standard
Variable Estimate Error Type II SS F Value Pr > F
Intercept -0.35059 0.80426 0.06010 0.19 0.6661
Weight 0.02622 0.00893 2.72530 8.62 0 .0065
KR p30 -1.17852 0.72699 0.83112 2.63 0.1158
HR~p60 1.68453 0.66059 2.05556 6.50 0.0163
Pr > F 
0.0067
Bounds on condition number: 1.7235, 13.341
Summary of Stepwise Selection
Step
Variable
Entered
Variable
Removed
1 Weight
2 HR_p60
3 HR_p30
Label
Weight 
HR _p50 
HR o3Q
Number 
Vars In
1
2
3
Partial
R-Square
0.1912
0.0883
0.0599
Model
R-Square
0.1912
0.2795
0.3393
C(p) F value Pr > F
2.2247 7.33 0.0110
0.8155 3.68 0.0647
0.5044 2.53 0.1158
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Daca Sec Name: Bike A Females Observations :
The MEANS Procedure
Variable Label Mean Std Dev
i f i j i f f f î f f î î S f i f î f f f f i î f
PIQ PID 29.60 17.44
Age Age 22.05 2.68
Sex Sex 2.00 0.00
Height Height 167.18 5.43
Height Weight 62.31 8.53
BMI BMI 22.39 2.11
HR rest HR_rest 68.91 12.39
HR Ex HR%Ex 142.75 17.39
HR30 KR30 117.55 22.33
HR60 HR60 104.45 21.54
HR90 HR90 95.45 20.43
HR120 HR120 89.91 20.38
HR_d30 HR_d30 25.20 8.65
HR~d60 HR~d60 38.30 11.00
HR dSO HR_d90 47.30 12.19
KR_dl20 HR dl20 52.84 12.09
HR_p30 HR[p30 0.37 0.13
HR%p60 HR_p60 0.53 0.15
HR~p90 HR p90 0. 65 0.15
HR_pl20 HR_pl20 0.73 0.14
VOZvt VOZvt 1.49 0.41
CONFID CONFID 1.14 0.49
POOL POOL I.00 0.00
VOZvt kg VOZvt kg 23.18 5.89
RPE RPE 11.73 1.74
F34 F34
Source
Model
Error
Corrected Total
Analysis of Variance
Sum of Mean
DF Squares Square
1 1.30793 1.30793
20 2.29190 0.11460
21 3.59983
F Value 
11.41
Pr > F 
0.0030
Variable
Intercept
Height
Parameter
Estimate
-6.19708
0.04599
Standard
Error
2.27712
0.01361
Type II SS F Value Pr > F
0.84873
1.30793
Bounds on condition number: 1, 1
7.41
11.41
0.0131
0.0030
Variable 
Step Entered
1 Height
Summary of Stepwise Selection
Variable
Removed Label
Height
Number Partial Model 
Vars In R-Square R-Square
0.3633 0.3633
C(p) F Value Pr > F 
13.2906 11.41 0.0030
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Daca Set Name: Step A All Observations : 55
fhe MEANS Procedure
Variable Label Mean Std Dev
PID PID 26,05 20.11
Age Age 24.47 6.04
Sex Sex 1.40 0.49
Height Height 174.81 8.81
Weight Weight 73.85 13.58
BMI BMI 23.98 2.74
HR_rest HR_resc 69.24 10.60
H R e x HR~ex 149.80 22.41
HR30 HR30 123.07 24.12
HR60 HR6Q 104.95 24.71
HR90 HR90 95.02 22.28
HR120 HR120 89.15 20.57
HR_d30 HR_d30 21.73 11.97
HR__d60 HR"d60 44.85 14.43
HR“d90 HR_d90 54.78 16.15
HR dl20 HR“dl20 60. S3 16.75
HR%p30 HR_p30 0.28 0.16
HR~pâ0 . HR_p6Q 0.58 0.18
HR%p90 HR~p90 0. 69 0.16
HR_pl2Q HR~pl20 0.76 0.14
V02vt V02vt 2.06 0.74
CONFID CONFID 1.15 0.47
POOL POOL 1.00 0.00
V02 vt_kg V02vt kg 27.30 7.35
Source
Model
Error
Corrected Total
or
5
49
54
Analysis of Variance
Sum of Mean
Squares Square
1620,92132
1297.53750
2919.47382
324.18426
26.48077
F Value 
12,24
Pr > F 
< , 0 0 0 1
Variable
Parameter
Estimate
Standard
Error Type II SS F Value Pr > F
Intercept -27.13632 15.85084 77.61300 2.93 0.0932
Height 0.23685 0.08735 194 .67156 7.35 0.0092
HR dSO -1.04833 0.34394 246.01713 9.29 0.0037
HR_d90 0.76785 0.30963 162.85487 6.15 0.0166
HR%p60 84.86351 26.64988 268.52331 10.14 0.0025
HR%p90 -44.79043 24.25772 90.28195 3.41 0.0709
Bounds on condition number: 51.009, 907.95
Summary Of Stepwise Selection
Variable Variable Number Partial Model
Step Entered Removed Label Vars In R-Square R-Square C(p) F Value Pr > F
1 HR_ex HR_ex 1 0.2995 0.2995 20.1037 22.66 <.0001
2 Height Height 2 0.0636 0.3631 15.6492 5.19 0.0268
3 HR_p60 HR p60 3 0.0735 0.4416 9.6778 7.17 0.0099
4 HR_d60 HR~d60 4 0.0460 0.4876 7.0095 4.49 0.0391
5 H R e x HR ex 3 0.0020 0.4856 5.2098 0.19 0.6627
6 HR d90 HR^dSC 4 0.0388 0.5245 3.2677 4.08 0.0487
7 HR~p90 Hr“p 90 5 0.0309 0.5554 2.1278 3.41 0.0709
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Data Set Name: Step A Male Observations :
The MEANS Procedure
Variable Label Mean Std Dev
f f f i i f f f . f f f f f f f f s f f f f f i f f f f f S S f f f j f f f f f f f f f î î f i f f f f f
PID PIO 23.68 21.64
Age Age 26.09 7.03
Sex Sex 1.00 0.00
Height Height 179.90 5.70
Weight Weight 31.21 11.13
BMI BMI 25.03 2.33
HR_rest HR_rest 69.45 9.41
HR~ax HR ex 140.43 22.95
HR30 HR30 121.06 25.03
HR60 HR60 99.95 24.16
HR90 HR90 91.24 20.89
HR120 HR120 86.48 19.14
HR_d30 HR d30 19.42 11.00
HR~d60 HR“d60 40.64 11.59
HR~d90 HR~d90 49.24 14.51
HR dl20 HR“dl20 54 .00 14.94
HR~p30 HR_p30 0.28 0.17
HR p60 HR~p60 0.60 0.18
HR_p90 HR~p90 0.71 0.17
HR~pl20 HR~pl20 0.77 0.13
V02vt V02vt 2.43 0.66
CONFID CONFID 1.15 0.46
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 30.04 7.00
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value
Model 2 861.94096 430.97048 18.23
Error 30 707.38092 23.57936
Corrected Total 32 1569.32188
Stepwi se Selection: Step 2
Parameter Standard
Variable Estimate Error Type II SS F Value Pr > F
Intercept 5.78202 11.49173 5.96925 0.25 0.6135
HR90 0.13252 0.07498 73.65766 3.12 0.0873
HR_p50 39.52930 8.50676 509 .14507 21.59 <.0001
33
Pr > F 
< , 0 0 0 1
Bounds on condition number: 3.3303, 13.321
Summary of Stepwise Selection
Step
Variable
Entered
1 HR_p60
2 HR90
Variable
Removed Label
HR_p60
HR90
Number 
Vars In
1
2
Partial
R-Square
0.5023
0.0469
Model
R-Square
0.5023
0.5492
C{p) f Value Pr > F
0.9460 31.29 <.0001
0.1219 ' 3.12 0.0873
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aource
Model 
Error
Corrected Total
1: Step A Female Observations ;
The MEANS Procedure
Variable Label Mean Std Dev
f j i s f f n î j î n f î î f i f j î f f i i j i î î s s f f f f f f f s f f f f f f i f i f mPID PIO 29.60 17.44
Age Age 22.05 2.63
Sex Se;< 2.00 0.00
Height Height 167.18 5.43
Height Weight 62.81 8.53
BMI BMI 22.39 2.11
HR_rest HR_rest 68.91 12.39
HR ex HR ex 153.77 12.16
HR30 HR30 138.59 18.54
HR60 HR60 112.59 24.05
HR90 HR90 100.68 23.57
HR120 HR120 93.14 22.40
HR_d30 HR_d30 25.18 12.78
HR d60 HR~d60 51.18 16.14
HR~d90 HR~d90 63.09 15.15
HR“dl20 HR~dl2Q 70.64 14.58
HR~p30 HR%p30 0.27 0.14
HR[p60 HR p60 0.54 0.17
HR p90 HR~p90 0.67 0.16
HR pl20 HR_pl20 0.75 0.15
V02vt V02vt 1.49 0.41
CONFID CONFID 1.14 0.49
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 23.18 5.89
Analysis of Variance
Sum of Mean
OF Squares Square F Va]
1 88.97853 98.97853 2
Pr > F 
0.1106
20
21
638.64121 
727.61974
31.93206
Variable
Intercept
HR90
Parameter
Estimate
31.97266
-0.08732
Standard
Error
5.40290
0.05231
Type II SS F Value Pr > F
1118.23028 
83.97853
Bounds on condition number: 1, 1
35.02 <.0001
2.79 0.1106
Summary of Stepwise Selection
Variable 
Step Entered
1 HR90
Variable
Removed Label
HR90
Number Partial Model
Vars In R-Square R-Square
0.1223 0.1223
C(p) F Value Pr > F 
0.9139 2.79 0.1106
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Daca Set Name : TM A all Observations : 55
The MEANS Procedure
Variable Label Mean Std Dev
S f f f f S f î T f i i f f i S f f f f f S f f f î f f f f f f f f f f f f f f f f f f f f f i f f f i
PID PID 25.05 20.11
Age Age 24 ,47 5.04
Sex Sex 1.40 0.49
Height Height 174.31 8.01
Height Height 73.85 13.38
BMI BMI 23.98 2.74
HR_rest HR_rest 69.24 10.60
HR~ex HR ex 107.73 14.75
HR30 HR30 91,04 17.32
HR60 HR60 83.75 15.39
HR90 HR9Q 91.96 13.68
HR120 HR120 81.49 15.10
HR_d30 HR_d30 15.70 9.08
HR%d60 HR~d60 23.99 9.34
HR~d90 HR“d90 25.77 8.25
HR~dl20 HR~dl20 26.25 9.91
HR[p30 HR_p30 0.47 0.27
h r” pso HR~pSO 0.65 0.24
HR p90 HR%p90 0.70 0.19
HR~pl20 HR_pl20 0.71 0.21
V02vt V02vt 2.06 0.74
CONFID CONFID 1.15 0.47
POOL POOL 1.00 0.00
V02vt_k;g V02vt_kg 27.30 7.35
speed speed 3.48 0.47
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value
Model 2 808 .84686 404.42343 9.97
Error 52 2109.63196 40.56985
Corrected Total 54 2918.47882
Stepwise Selection ; Step 2
Parameter Standard
Variable Estimate ' Error Type II S3 F Value Pr > F
Intercept 45.22567 5.05761 3389.05933 83.54 <.0001
Sax -5.15699 1.78357 483.46043 11.92 0.0011
HR60 -0.12309 0.03728 187.30955 4.62 0.0363
Pr > F
0 . 0 0 0 2
Bounds on condition number: 1.035, 4.1401
Variable 
Step Entered
Variable
Removed
Sex
KP.50
label
Sex
HR60
Summary of Stepwise Selection
Number Partial Modal 
Vars In R-Square R-Square
0.2130
0.0642
0.2130 
0.2771 •
C(p)
-1.2892
-3.3430
F Value Pr > F
14.34
4.62
0.0004
0.0363
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Data Set Name: TM A Males Observations :
The MEANS Procedure
Variable Label Mean Std Dev
f f x f f f i f i i f i f f f f f f i i f i f f f j f f f f f i i f f f f f f f f f f f i f f f f f f fPID PID 23.63 21.64
.Age .Age 26.09 7.08
Sex Sex 1.00 0.00
Height Height 179.90 6.70
Height Weight 81.21 11.13
BMI BMI 25.03 2.53
HR_rest HR_rest 69.45 9.41
HR ex HR%ex 102.65 11.40
HR30 HR30 87.24 15.09
HR60 KR60 81.45 13.35
HR90 HR90 79,27 11.35
HR12Q HR120 79.55 12.64
HR d30 HR d30 15.41 8.84
HR"d60 HR~d60 21.20 8.73
HR dSG HR d90 23.39 7.16
HR~dl20 HR_dl20 23.11 3.46
HR~p3Q HR_p30 0.50 0.29
HR_p60 HR~pSO 0.67 0.26
HR p9Q HR p90 0.73 0.19
HR[pl20 HR“pl20 0.71 0.20
V02vt V02vt 2.43 0.66
CONFID CONFID 1.15 0.45
POOL POOL ■ 1.00 0.00
V02vt_kg V02vt_kg 30.04 7.00
speed speed 3.56 0.42
Analysis of Variance
Sum of Mean
Source DF Squares Square F va:
Model 1 158.S9Q63 158.59063 3
Error 31 1410.73125 45.50746
Corrected Total 32 1569.32188
Parameter Standard
Variable Estimate Error Type II SS F Value
Inte rcept 43 .13345 7.11004 1674.61696 36.80
HR60 -0 .16071 0.08609 158.59063 3.48
Bounds on condition number: 1, 1
33
Pr > F 
0.0714
Variable 
Step Entered
1 HR60
Variable
Removed Label
KRSO
Summary of Stepwise Selection
Number Partial Model 
Vars In R-Square R-Square
0 .1011 0 .1011
C(p) F Value Pr > F 
0.1234 3.48 0.0714
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Data Set Name ; TM A Female Observations : 2 2
The MEANS Procedure
Variable Label Mean Std Dev
f f f i f i f f i f f f f f S i f f f f f i f f r f f s f f i f f f f f f f
PID PIO 29.60 17.44
Age Age 22.05 2.68
Sex Sex 2.00 0.00
Height Height 167.18 5.43
Weight ■ Weight 62.31 8.53
BMI BMI 22.39 2.11
HR_rest HR_rest 63.91 12.39
HR ex HR~ex 115.35 16.13
HR30 HR30 96.73 19.19
HR60 HR60 37.13 17.21
HR90 HR90 86.00 16.00
HR120 HR120 34.41 13.10
HR d30 HR d30 18 .64 9.30
HR~d60 HR d60 28.13 8.81
HR~d90 HR_d90 29.35 8.63
HR%dl20 HR_dl20 30.95 10.23
HR_jj30 HR_p30 0.43 0.24
HR_p60 HR_p60 0. 63 0.20
HR%p90 HR~p90 0.66 0.19
HR_pl20 HR~pl20 0.71 0.24
V02vt V02vt 1.49 0.41
CONFID CONFID 1.14 0.49
POOL POOL 1.00 0.00
V02vt_leg V02vt_kg 23.18 5.39
speed speed 3.37 0.53
f f f f f f f f f S f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f i i  
The REG Procedure 
Model: MODEL1 
Dependant Variable: V02vt_kg vo2vt_kg
No variable met the 0.1500 significance level for entry into the model.
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Data Set Name: Bike E all Observations: 26
The MEANS Procedure
Source
Model
Error
Variable Label N Mean St;d Dev
f f f f i f f f f f f f f i i f f f f i f f f f f f f f f f f f i f f f f f f f f f f f f f f f i f f f i ■///;■/PID PIO 26 117.04 9 .00
Age Age 26 50.42 5.35
Sex Sex 26 1.42 0,50
Height Height 26 173.88 7.82
Weight Weight 26 31.01 17.24
BMI BMI 26 26.82 5.48
HR_resc HR_rest 26 62.42 10.43
RPË RPE 26 10.54 2.45
HR ex HR ex 26 105.52 17.57
HR30 HR30 25 82.88 18.21
HR60 HR6Q 26 76.96 17.48
HR90 HR90 26 74.65 15.19
HR120 HR120 26 73.27 14 .54
HR d30 HR d30 26 22.63 a .07
HR~d60 HR~d60 26 28.55 8 .40
HR~d90 HR~d90 26 30.87 8 .82
HR~dl20 HR"dl20 26 32.25 9,18
HR^plO Hr“p 30 26 0.55 0.18
HR p60 HR pSO 26 0.69 0.20
HR p90 HR]p90 26 0.74 0.15
HR pl20 HR~pl20 26 0.77 0.15
V02vt volvt 26 2.31 0.51
CONFID CONFID 26 1.38 0.50
POOL POOL 26 1.00 0.00
V02vt_kg V02vt_kg 26 29.23 7.32
Analysis of Variance
Sum of Mean
OF Squares Square F Value
2 4.21815 2.10908 20.25
23 2.39514 0.10414
Total 25 6.61330
Pr > F 
< , 0 0 0 1
Variable
Intercept
H R e x
HR_p60
Group 2 - Bike - all
The REG Procedure 
Model; MODELl 
Dependent Variable: V02vt V02vt
Stepwise Selection: Step 2
Parameter
Estimate
5.73530
-0.02712
-0.81302
Standard
Error
0.65453
0.00439
0.38822
14:27 Friday, May 18, 2001
Type II S3 F Value Pr > F
7.99558
3.96833
0.45672
75,78 
38.11 
4 .39
Bounds on condition number: 1.4314, 5.7255
<.0001
< . 0 0 0 1
0.0475
Variable 
Step Entered
1 KR_ex
2 HR_p60
Variable
Removed
Summary o£ Stepwise Selection
Number Partial Model 
Label Vars In R-Square R-Square
HR_ex
HR_p60
0.5688
0.0691
0.5688
0.6378
C t p )
0.1284
-1.4154
F Value Pr > F
31,65
4.39
< . 0 0 0 1
0.0475
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Data Set Name : Bike 3 Males Observations; 15
The MEANS Procedure
Variable Label N Mean Std Dev
f f l f S i i f } f f f i f i f f i f f f i f f f f f f : f f f f f f f f f f f i i f f S f f j f î t 'îffffîlPID PIO 15 118.20 10.47Age Age 15 53.13 4.61Sex Sex 15 1.00 0.00Height Height 15 177.97 5.63Weight Weight 15 86.33 17.42SMI BMI 15 27.39 5.34HR^rest HR rest 15 58 .80 10.00RPE RPE 15 9.47 1.64H R e x HR_ex 15 95.70 13.50HR30 HR30 15 75.80 15.34HR60 HR60 15 71.20 16.33HR90 HR90 15 69.47 14.13HR120 HR120 15 68.47 13.92HR d30 HR d3Q 15 19.90 4 .55
HR_d60 HR_d60 15 24.50 6.11
HR d90 HR~d90 15 26.23 3.98
HR_dl20 HR dl20 15 27.23 5.99
HR~p30 HR~p30 15 0.57 0.17
HR%p60 HR%p60 15 0.70 0.22HR p90 HR_p90 IS 0.74 0.19
HR_pl20 HR~pl20 15 0.76 0.17
V02vt V02vt 15 2.60 0.39
CONFID CONFID 15 1.33 0.49
POOL POOL IS 1.00 0.00
V02vt_kg V02vt_kg 15 30.35 6.42
Source
Model
Error
Corrected Total
Analysis of Variance
Sum of Mean
DF Squares Square
2 0.89714 0.44857
12 1.26196 0.10516
14 2.15909
F Value 
4.27
Pr > F 
0.0399
BIKE PREDICTION - MALES
The REG Procedure 
Model; MODELl 
Dependent Variable: V02vt V02vt
Stepwise Selection: Step 2
14:27 Friday, May 18, 2001 11
Variable
Intercept
RPE'.
HR dl20
parameter
Estimate
4.41433
-0.12250
-0.02394
Standard
Error
0.62624 
0.05287 
0.01450
Type II SS F Value Pr > F
5.22527
0.56461
0.23638
49.69
5.37
2.73
< . 0 0 0 1
0.0390
0.1245
Bounds on condition number; 1.0029, 4.0115
Summary of Stepwise Selection
Step
1
2
Variable
Entered
RPE
HR dl20
Variable
Removed Label
RPE
HR dl20
Number 
Vars In
1
2
Partial
R-Square
0.2826
0.1329
Model
R-Square
0.2826
0.4155
C(p} F Value Pr > F
5.12
2.73
0.0414
0.1245
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Source
Model
Error
ime; Bike 8 Females Observations
The MEANS Procedure
Variable Label N Mean Std Dev
f f f f t i f f f î f f i f f f s f f f f f f f f f f f f f f f i f f f f f f f f f f f f f f f f f f j f f f f f f
PID PID 11 115.45 5.65Age Age 11 46.73 5.44Sex Sex 11 2.00 0.00
Height Height 11 168.32 7.04
Height Weight 11 73.07 14.083KI BMI 11 25.03 5.33
HRrest HR_rest 11 67.36 9.23Rpi RPE 11 12.00 2.68HR ex HR ex 11 118.91 13.23
HR30 HR30 11 92.55 17.92HR60 KRSO 11 84 .82 16.52
HR90 HR90 11 81.73 14.22
HR120 HR120 11 79.82 13.24
HR d30 HR d30 11 26.36 10.37
HR~d60 HR“d60 11 34 .09 8.11
Hr“d90 HR~d90 11 37 .18 8.27
HR"dI20 HR~dl2Q 11 39.09 3.44
HR p30 HR%p30 11 0.52 0.18
HR_p60 HR_p60 11 0.59 0.13
HR%p90 HR_p90 11 0.74 0.14
HR_pl20 HR_pl20 11 0.77 0.11
V02vt V02vt 11 1.91 0.38
CONFID CONFID 11 1.45 0.52
POOL POOL 11 1.00 0.00
V02vt_kg VQ2vt_kg 11 27.14 8.22
Analysis of Variance
Sum of Mean
DF Squares Square F Value P
1 0.76861 0.76861 10.30 0
9 0.64079 0.07120
Total 10 1.40940
parameter Standard
iable Estimate Error Type II S3 F Value Pr > F
ercept 4 .40101 0.76241 2.37246 33.32 0.0003
ex -0.02095 0.00638 0.76861 10.80 0.0094
Bounds on condition number: 1, 1
11
Variable 
Step Entered
1 HR ex
Summary of Stepwise Selection
Variable Number Partial Model
Removed Label Vars In R-Square R-Square
HR ex 1 0.3453 0.5433
C(p) F Value Pr > F 
10.80 0.0094
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; Step 3 all Observations :
The MEANS Procedure
Variable Label Mean Std Dev
//f///////////,-jf//////// i f S î S f f f f f ü f f f f j f f f f f f f f r fpid pid 117.96 9.14
Age Age 49.92 5.85
Sex Sex 1.42 0. 50
Height Height 173.77 7.83Weight Weight 79.60 17.51BMI BMI 26.37 5.51
HR_rest HR_rest 62.53 9.46
HR~ex HR ex 106.46 16.37
HR3Q HR30 84.83 17.24
HR60 HR60 73.08 14.54HR90 HR90 59.85 11.89
HR120 HR120 69.15 11.07
HR_d30 HR d3 0 21.58 9.10
HR'dSO HR~d60 33.38 8.11
HR d90 HR~d90 ■36.62 8.94
HR~dl20 HR~dl20 37.31 10.74
HR_p30 HR~p3Q 0.50 0.18
HR p60 HR~p60 0.78 0.17
HR[p90 HR~p90 0.34 0.10
HR~pl20 Hr“p 120 0.35 0.11
V02vt V02vt 2.31 0.52
CONFID CONFID 1.38 0.50
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 29.59 7.07
Analysis of Variance
Source
Model
Error
Corrected Total
OF
2
23
25
Sum of 
Squares
738.13833
513.20013
1251.33846
Mean
Square
369.06917
22,31305
F Value 
16.54
Pr > F 
< . 00 0 1
Group 2 STEP - all 08:43 Thursday, May 17, 2001 101
The REG Procedure 
Model: MODEL1 
Dependent Variable: V02vt_kg V02vt_lcg
Stepwise Selection: Step 2
Variable
Intercept
BMI
HR30
Parameter
Estimate
58.77134
-0.40293
-0.21745
Standard
Error
5.15184
0.22156
0.07080
Type II S3 F Value Pr > F
2892.54730
73.80034
210.47484
129.63
3.31
9.43
Bounds on condition number: 1.5695, 6.6781
< . 0 0 0 1
0.0820
0.0054
Variable 
Step Entered
HP.30
SMI
Summary of Stepwise Selection
Variable
Removed Label
HR30
BMI
Number Partial Model 
Vars In R-Square R-Square
0.5309
0.0590
0.5309
0.5899
G Ip) F Value Pr > F
-1.3158 27.16 <.0001
-1.9163 3.31 0.0020
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Data Set Name: Step 1B Male Observations: 15
The MEANS Procedure
variable Label Mean Std Dev
f f f i f f f f f f f f : f f î f f f f f f f i
pid pid 119.07 10.31Age Age 52.73 4.70
Sex Se:< 1 . 0 0 0 . 0 0
Height Height 177.93 5.61
Weight Height 86.99 17.38BMI BMI 27.45 5,31
HR rest HR_rast 60.33 9.99
HR ex HR ex 99.60 15.07
HR30 HR30 80.33 15.12
HR60 HR6Q 67.67 1 1 . 7 9
HR90 HR90 66.20 10. 67
HR120 HR120 66.27 10.11HR_d30 HR d30 19.27 7.61
HR~ d60 HR d60 31.93 7.33
HR~d90 HR"d90 33.40 3. 63
HR_dl20 HR~dl20 33.33 10.00
HR~p30 HR~p30 0.49 0.17
HR_pSO HR_p60 0.83 0.14
HR_p90 HR~p90 0.35 0.09
HR~pl20 HR[pl20 0.84 0.12
V02wt V02vt 2. 60 0.39
CONriD CONFID 1.33 0.49
POOL POOL 1.00 0.00
V02vt_lcg V02vt_kg 30.78 6.39
Analysis of Variance
Sum of Mean
Source OF Squares Square F Value Pr > F
Model 5 498.98648 99.79730 12.35 0.0008
Error 9 72.73282 8.08142
Corrected Total 14 571.71930
Dependent Variable: V02vt_kg V02vt_kg
Stepwise Selection: Step 5
Parameter Standard
Variable Estimate Error Type II SS F Value Pr > F
Intercept 87.33858 16.75568 219.57163 27,17 0.0006
BMI -1.24370 0.24394 210.05963 25.99 0.0006
Age -0.54965 0.20639 57.32147 7.09 0.0259
HR d30 -0.49953 0,17136 68.67723 8.50 0.0172
HR~d60 -0.26694 0.15987 22.53042 2.79 0.1293
HRJ390 29.14768 9.90764 69.94481 8.66 0.0164
Bounds on condition number: 2.9464, 56. 638
Summary of Stapwise Selaction
Step
Variable
Entered
Variable
Removed Label
Number 
Vars In
Partial
R-Square
Model
R-Square C(p) F Value Pr > F
1 BMI BMI 1 0.5670 0.5670 29,7477 17.02 0.0012
2 HR_d30 HR^d30 2 0.1070 0.5740 21.6789 3.94 0.0705
3 HR%p90 HR%p90 3 0.0707 0.7447 17.0265 3.05 0.1038
4 Age Age 4 0.0887 0.8334 10.6804 5.32 0.0437
5 HR dSO HR d60 5 0.0394 0.8728 8.9719 2 . 7 9 0.1293
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: Step 3 Female Observations :
The MEANS Procedure
Variable Label Mean Std Dev
f f j f f f f f y f f f f f i f f f f f f f f f f f f f f f f f f f f s f f f f f f f f
pid pic 115.45 6.41
Age Age 46.09 5 .17
Sex Sex 2.00 0.00
Height Height 153.09 6.91
Height Weight 69.54 12.27
BMI BMI 24 .90 5.58
HR_rest HR_rest 63.64 3.14
HR ex HR~ex 115,82 13.60
HR30 KR30 91.09 17.49
HRÔQ HRttO 80.45 15.16
HR90 HR90 74.82 12.11
HR120 HR120 73.09 11.53
HR d30 HR_d30 24.73 10.34
HR d60 HR~i60 35.36 9.05
HR~d90 HR~dS0 41.00 7. 67
HR~dl20 HR~dl20 42.73 9.62
HR_p30 HR~?30 0.50 0 .20
HR_p60 Hr“p 60 0.72 0.18
HR~p90 HR_p90 0.83 0.12
HRjpl20 HR_pl20 0.86 0.10
V02vt VC2vt 1.90 0.38
CONFID CONFID 1.45 0.52
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 23.19 7.98
Analysis of Variance
11
Sum of Mean
Source DF Squares Square F Value
Model 3 553.88330 184.62777 15 .58
Error 7 82.95407 11.85058
Corrected Total 10 636.83736
Parameter Standard
Variable Estimate 'Error Type II S3 F Value Pr > F
Intercept 106.09385 21.34034 279.64123 23.60 0.0018
HR30 -0.45284 0.11400 186.97305 15.78 0.0054
HR_J3 50 41.98436 15.52062 86.71545 7.32 0.0304
HR o90 -80.67274 23.37302 141.11647 11.91 0.0107
Pr > F 
0.0018
Bounds on condiclon number; 8.8122, SO.112
The REG Procedure 
Model : MODEL1 
Dependent Variable; V02vt_kg V02vt_kg
Summary of Stepwise Selection
Step
1
2
3
Variable
Entered
HR30
HR_p90
HR^pSO
Variable
Removed Label
HR30
HR_p90
HR_p60
Number 
Vars In
1
2
3
Partial
R-Square
0.6471
0.0363
0.1362
Model
R-Square
0.6471
0.7336
0.3697
C(p) F Value Pr > F
16.50
2.60
7.32
0.0028
0.1433
0.0304
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Data Set Name: TM B Ail Observations ; 26
The MEANS Ptocedurs
Variable Label Mean Std Dev
î f S f i î i r f ! f f f f i f i f f f f f f f f f f f f . f f f f f i f T Ï f f î f f f f f f i f i f îFI FI 117.65 9.26Age Age 50.42 5.85Sex Se:( 1.38 0.50
Height Height 174.73 7.32Weight Weight 81.44 17.18
BMI BMI 26.69 5.46
HR_rest HR_rest 62.73 10.36
HR Exer HR~2xer 90.87 14.03HR30 HR30 78.38 15.70
HR60 HRÊO 74.81 15.16
HR90 HR90 73.50 14.31
HR120 HR120 73.54 14.12
HR_d30 HR_130 12.48 5.59
HH~d60 HR~d60 16.06 6.60
HR~d90 HR~d90 17.37 7.22
HR dl20 HR dl20 17.33 6.79
HR~p30 HR_?30 0.46 0.20
HR p60 HR_p60 0. 60 0.26
HR%p90 HR~o90 0.63 0.22
HR~pl20 HR~pl20 0. 63 0.23
V02vt V02vt 2.35 0.31
CONFID CONFID 1.38 0.50
POOL POOL 1.00 0.00
V02vt_kg V02vt_kg 29.65 7.23
Analysis of Variance
Sum of Mean
Source DF Squares Square F ’Value
Model 3 816.39669 272.13223 11.78
Error 22 503.18228 23.09919
Corrected Total 25 1324.57397
Parameter Standard
Variable Estimate Error Type II SS F Value Pr > F
Intercept 65.76174 6.22413 2578.61176 111.63 <.0001
SMI -0.78922 0.20405 345.50821 14.96 0.0008
Sex -3.60990 2.12870 66.42928 2.83 0.1040
HR90 -0.13673 0.08064 66.40008 2.87 0.1041
Pr > F 
<■0001
Bounds on condition number: 1.4422, 11.984
Summary of Stepwise Selection
Step
Variable
Entered
Variable
Removed
1 BMI
2 Sex
3 HR90
Label
BMI
Sex
HR90
Number 
Vars In
1
2
3
Partial
R-Square
0.4510
0.1152
0.0501
Model
R-Square
0.4510
0.5662
0.6163
C{p) F Value Pr > F
2.4718 19.72 0.0002
-0.6629 6.11 0.0213
-0.8976 2.87 0.1041
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Data Sec Name: TM 3 Males Observations ; 16
Source
Model
Error
The MEANS Procedure
BMI
Variable Label N Mean Std Dev
fSSSiîiSfifSifîiîiiffîî iiîffjiliîSffîfjffSiSiîiffiifiififfFI FI 16 118.98 10.47Age Age 16 52.88 4 .57Sex Sex 16 1.00 0.00Height Height IS 179.16 5.49Height Height 16 36.63 16.84BMI BMI 16 27.29 5.17
KR_rest KR_rsst 16 59.56 10.13HR Exer HR_Exe r 16 86.75 15.08BR30 HR30 16 74.63 16.64HR60 HRSO 16 72.25 16.34HR90 HR90 16 70.25 14.05HR120 HR12Q 16 70.63 14.55HR d30 HR_d30 16 12.13 6.05
HR~d60 HR~d60 16 14.50 6.45
HR^dSO HR~d90 16 16.50 7.37
HR~dl20 HR dl20 16 16.13 7.02
HRJ330 HR~p30 16 0.47 0.21
HR_p60 HR^peo IS 0.56 0.27
HR p90 HR~p90 16 0.61 0.21
HR~pl20 HR~pl20 16 0.61 0.23V02vc V02vt 16 2. 62 0.38
CONFID CONFID 16 1.31 0.43
POOL POOL 16 1.00 0.00
V02vt_kg V02vt_kg 16 31.01 6.24
Analysis of Variance
Sum of Mean
DF Squares Square F Value
1 334.57710 334.57710 18 .81
14 249.05305 17.78950
, Total 15 583.63014
Parameter Standard
iable Estimate Error Type II SS F Value Pr :
ercept 55.93392 5.84379 1629.76636 91.61 <.0i
-0.91332 0.21060 334.57710 18.31 O.Oi
Bounds on condition number: 1, 1
Pr > r 
0.0007
Variable 
Step Entered
1 BMI
Summary oC Stepwise Selection
Variable
Removed Label
BMI
Number Partial Model 
Vats In R-Square R-Square
0.5733 0.5733
C(pi F Value Pr > F 
-4.1624 18.81 0.0007
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Data Set Name: TM B Female Observations ; 10
The MEANS Procedure
Variable Label N Mean Std Dev
f S i f i i S f f f f f f f f S f f f f f f i f f f f f f f f f f f f f i J f f f f f f f f f j fFI FI 10 115.70 6.96
Age Age 10 46.50 5.68
Sex Sax 10 2.00 0.00
Height Height 10 169.25 6.66
Weight Weight 10 73,05 14 .84
BMI BMI 10 25.74 6.03
HR_rest HR_rest 10 67.80 9.61
HR Exer HR Exer 10 97.45 9. 67
HR30 HR30 10 84.40 12.57
HRSO HRSO 10 78.90 12.79HR90 HR90 10 78.70 13.82
HR120 KR120 10 79.20 12.53
HR d30 HR d30 10 13.05 5.02
HR d60 HR~d60 10 18.55 6.35HR d90 HR_d90 10 10 .75 7.13
HR^dlZO HR~dl20 10 19.25 6.25
HR_p30 Kr3 3 0 10 0.46 0.19
HR_p60 HR_p60 10 0.65 0.25
HR~p90 HR p90 10 0.65 0.24
Hr“p 120 HR pi20 10 0.67 0.22
V02vt V02vt 10 1.93 0.39
CONFID CONFID 10 1.50 0.53
FOOL POOL 10 1.00 0.00
V02vt_lcg V02vt_kg 10 27.47 8.59
Analysis of Variance
Source DF
Sura of 
Squares
Mean
Square
Model 2 462.73450 231.36725
Error 7 201.20153 28.74308
Corrected Total 9 663.93608
Group 2 - FEMALES - TREADMILL
Dependent
The REG Procedure 
Model: MODEL1 
Variable; V02vt_kg V02vt_kg
Stepwise Selection: Step 2
Variable
Parameter
Estimate
Standard
Error Type II SS F
Intercept 46.57062 8 .49130 864.58635
BMI -1.12536 0.29981 404.97015
HR d90 0.52599 0.25484 122.45334
Bounds on condition number; 1.0328, 4.1:
F Value 
8.05
Pr > F 
0.0153
1 4 :2 7 Friday, May 13, 2001 14
 Value Ft > F
30.08
14.09 
4.26
0.0009
0.0071
0.0779
Step
1
2
Summary of Stepwise Selection
Variable
Entered
BMI
HP. d90
Variable
Removed Label
BMI
HR d90
Number 
Vars In
1
2
Partial
R-Square
0.5125
0.1844
Model
R-Square
0.5125
0.5970
C(p) F Value Ft > F
8.41
4.23
0.0199
0.0779
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